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ANGCGC" 
JANR 

Bcf 

BLM 

BOD 

Btu 

CEQ 

cfs 

dBA 

°C 

• 
of 

DO 

EPA 

FPC 

ft 

FTU 

GMA 

gpd 

gpm 

lllIV 

km 

KV 

L90,L50 ,L10 

• 

Glossary of Abbreviations 

ANG Coal Gasification Company 

American Natural Resources Company 

billion cubic feet 

Bureau of Land Management 

Biological Oxygen Demand 

British thermal unit 

Council on Environmental Quali ty 

cubic feet per second 

decibels A weighted 

degrees Centigrade 

degrees Fahrenheit 

Dissolved Oxygen 

Environmental Protection Agency 

Federal Power Commission 

feet 

Formazin Turbidity Units 

Game Management Area 

gallons per day 

gallons per minute 

Higher Heating Value 

kilometer 

Kilovolt 

Loudness 90,50,10. That dBA level exceeded 90 percent 
of the time, 50 percent of the time, or 10 percent 
of the time . 

A-I 



pound 

microgram per cubic meter 

milligrams per liter 

milligrams per cubic meter 

Million cubic feet 

Thousand cubic feet 

Mercer Census Division 

Montana-Dakota Utilities 

Megawatt 

meters per second 

North American Coal Corporation 

Natural Gas Pipeline Company of America 

National Wildlife Refuge 

parts per million 

Public Service Commission (North Dakota) 

pounds per square inch gage 

Rural Electrification Administration 

right-of-way 

standard cubic foot 

Synthetic Natural Gas 

St ate Water Commission (North Dakota) 

square miles 

Trillion cubic feet 

Total Dissolved Solids 

t ons per day 

tons per hour 

Total Suspended Particulates •
U.S. 	Geological Survey 
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l b 

ug /m3 

mg/l 

/ 	 mg/m3 

MMcf 
'I" 

Mcf 

MCD 

MDU 

MW 

m/sec 

NACCO 

NGPC 

NWR 

ppm 

PSC 

psig 

REA 

ROW 

scf 

SNG 

SWC 

mi 2 

Tcf 

TDS 

tpd 

tph 

TSP 

USGS 
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/ Ba 
/ 

Be 
~ # 

Br 

C 

Ca 

Cl 

CO 

COS 

CO 2 

• 
CH4 

C2H8 

F 

HC 

HCN 

Hg 

H2 S 

Mn 

Na 

NOx 

N02 

NH3 

Pb 

• 
S02 

S04 

Zn 

Chemicals 

arsenic 

boron 

bar ium 

beryllium 

bromine 

carbon 

calcium 

chlorine 

carbon monoxide 

carbonyl sulfide 

carbon dioxide 

methane 

ethane 

fluorine 

hydrocarbons 

hydrogen cyanide 

mercury 

hydrogen sulfide 

manganese 

sodium 

oxides of nitrogen 

nitrogen dioxide 

ammonia 

l ead 

sulfur dioxide 

sulfate 

zinc A-3 
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Appendix B 

Flow Diagrams for Rectisol, Gas Liquor Separation, 
and Ammonia Recovery 

Gasification Material Balance 
Trace Element Mass Balance 

Plant Energy Balance 
Pollutant Emissions and Abat ement 

Sulfur Disposition Diagram 
North Dakota Health Department Letter 
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IGASIFICATION MATERIAL BALANCE

Inpu.!:. 

Coal 
Stearn + BFW 
Oxygen 
Water / 

/ 

Total 

Output 

Ash 
Tar 
Tar Oil 
Crude Phenol 
Naphtha 
Ammonia 
Dephenoli zed 

v7ater 
Off-Gas 

Output 

Tail Gas 

Condensate 
Expansion Gas 
Product SNG 

Total 

I Plant Operating 

From 

Coa l Handling 
Stea rn Gene rat ion 
Air Sep a ration Plant 
Steam Conden sate 

Return 

Lurg i Gasif i ers 
Gas Liq uor Separ ation 
Gas Liquor Separation 
Phenosolvan 
Rectisol 
Ammonia Re covery 
Phenosolvan 

Rec ti s ol 

Ammonia Recovery 

Methanation 
Gas Liquor Separation 
Product Gas 

Compression 

at above rate for 7972 

To lbs/hr. 

Lurgi Gasifiers 2,236,780 • 
Lurgi Gasifiers 2,363,775 

Lurgi Gasifiers 452,685 

Rect isol 62,170 


5 , 115, 41 0 

As h Handling 146,940 

P l ant Fuel 70 , 1 20 

Plant Fue l 11,815 

Plant Fuel 13,550 

Plant Fuel 11,340 

Sales 17,800 

Cooling Tower 2, 1 99,945 


Stretf ord Sul f ur 1, 819,7 1 0 

Re covery 


Stretf ord Sul f u r 47 ."555 

Recovery 


Stearn Generation 297,475 

L. P . Flare 5,700 

Sales 473 , 460 
 • 

~,115,410 

HRS/YR. 

• 
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Energy Balance -(MM Btu/D) 

Gasification Efficiency (based on HHV) 

Input 
,/ Coal to Gasifier (27,272)(2,000)(7,230) 394,400 

Output 
SNG (275) (997) = 268,700 

Tar, Oils, Naphtha 41,900 

Phenols 4,500 

Ammonia 4,200 

Stretford Off Gas 14,500 

Total 338,800 

Efficiency 338,800 100 84.6% 
394,400 

Overall Efficiency 

Input 
Coal to Gasifier 394,400 

Electric Power - Plant 11,100 
(3.25 MM KWH/D) 

Electric Power - Mine 600 
(0.16 MM KWH/D) 

Vehicles 2,900 
(7 x 106 gallons/yr @ 150 M Btu/gal) 

Total 409,000 

Output 
SNG 268,700 

Annnonia 4,200 

Total - 272,900 

Efficiency 272 , 900 100 66.7% 
409,000 
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ATTACHMENT 


Environmental Control 
JONATHAN 8 . WEIS8U C H. M . O 

STATE H EALTH CF'FIC ERDivision of 
En}vironmental Engineering 

W. VAN HEUVELE ~l. CHI EF'~SSOURI OFFICE BUILDING 
ENV'RO ~;MENT"' L CO~HR OL1200 MISSOURI AVENUE 

BISMARCK. NORTH DAKOTA 

59505 

GENE A. CHRISTIANSON. P.E. 

DIRECTOR 

(701) 224.2348 

April 13, 1977 

Mr. Gary N. Weinreich 

Environmental Coordinator 

Synthetic Fuels 

American Natural Gas Service Company 

One Woodward Avenue 

Detroit, Michigan 48226 


Re: 	 December 17, 1976 Request for Interpretation of 

Applicability of Regulation R23-2S-l2, New Source 

Performance Standards, for Proposed Coal 

Gasification Plant 


_Dear Mr. Weinreich: 

Thi s Department has reviewed your December 17, 197 6 r eque s t fo r 
interpretation of the applicability of Regulation R23 -2 S-l 2, New 
Source Performance Standards, as it pertains to sul fur dioxide and 
n itrogen oxides emissions from the steam boilers and steam super 
heaters of your proposed coal gasification plant. 

Two interpretations are requested in your December 17, 1976 lette r. 
The first interpretation requests that the sulfur dioxide (S02 ) 
resulting from the incineration of Stretford unit off-gas in the 
steam superheaters be exempt from the 0.8 pounds S02 per million 
BTU heat input emission standard of Section 12.401 (4) (a) (i) of 
Regulation R23-2S-l2 for liquid fossil ·fuel-fired steam generators 
and that only the sulfur dioxide resulting from the burning of 
the liquid fuels be subject to the standard. 

The second interpretation requests that the steam boilers and 
steam superheaters be exempt from the nitrogen oxides (NOx ) emission 
standards of Section 12.401 (S) (a) of Regulation R23-2S-l2 for 
fossil fuel-fired steam generators burning gaseous, liquid or solid 
fossil fuels either individually or simultaneous in any combination. 

With respect to the sulfur dioxide (S02) emission standard of 
Section 12.401 (4) (a) (i) of Regulation R23-2S-l2, the Department 
has determined that the Stretford unit off-gas burned in the stea~ 
superheaters would not be subject to the 0.8 pound per million 
BTU heat input standard. This is because the off-gas is a waste 
byproduct not produced for the purpose of generating useful heat . 
Therefore the off-gas is not a fossil fuel as defined in Section 
12.401 (2) (b) of Regulation R23-25-l2. 
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Mr. Gary N. Weinreich -2- April 13, 1977 

/
The mdnitoring of the total sulfur content and quantity of the 

off-gas stream before it is incinerated in the stearn superheaters 

will be required so that compliance with the 0.8 lbs S02/l06 BTU 

heat input standard for the burning of the liquid fuel can be 

adequately deter~ined as required by Section 12.401 (6) (b) of 

Regulation R23-25-l2. This requirement will be included as 

condition to a permit to construct, upon issuance. 


The emissions of sulfur dioxide from a coal gasification plant 

are regulated by Regulation R23-25-lS, Prevention of Significant 

Deterioration of Air Qulaity. This regulation requires that best 

available control technology be applied to control sulfur dioxide 

emissions not subject to a New Source Performance Standard as is 

the case for the Stretford unit off-gas. 


The Department would require the submission of a detailed discussion, 

with supporting evidence, of why you feel that your present design 

of a Stretford unit plus incineration is the best available control 

technology for controlling S02 emissions from the gasification 

portion of the plant. Upon revie\v and approval of the information 


-submitted, the Department will specify an S02 emission limit for 
_the Stretford off-gas as per section 15.102 (2) (b) (ii) of Regulation 
R23-25-l5. This limit will be included as condition of a permit 
to construct, upon issuance. • 
with respect to the nitrogen oxides (NOx ) emission standards of 

Section 12.401 (S) (a) of Regulation R23-25-l2, the Department has 

determined that the steam boilers and the steam superheaters should 

be exempt from these standards. The Stretford unit off-gas, t o be 

burned in the steam superheaters, would not be subject to the NOx 

standards as it is a waste byproduct not produced for the purpose 

of generating useful heat. Therefore it is not a fossil fuel as 

defined in Section 12.401 (2) (b) of Regulation R23-25-l2. The 

l iquid fuels (tars, tar oils, naphtha and phenols) to be burned in 

t h e steam boilers and stearn superheaters are byproduct fuels derive d 

fr om the lignite gasification process. The best available control 

technology required to meet the 0.3 pound NOx per million BTU hea t 

input emission standard for liquid fuels of Section 12.4 01 (5) (a) ( ii) 

cons i s t s of well designed low NOx emission burners, which reduce the 

pea k fl a me temperature, and remove oxygen from the volatilization 

zone. Beca use the liquid fuels contain a high nitr ogen and ox ygen 

con ten t , the application of this control technology would r e sult i n 

0 . 557 po und NOx per million BTU heat input compared to the 0.3 

pound NOx per million BTU heat input allowed. Laboratory attempt s 

t o red u ce t he nitrogen and ox ygen content of the liquid fuels prior 

t o burni ng have be e n unsucce ssfu l . It is the po l icy that a fu e l 

should be subjec t to a ~ew Source Pe rformanc e Standard if, and on l y 

if, t he r e is e v i denc e that the general type of control equipme nt 

on wh ich the standard was based c a n be used to meet t h e s t a ndard 

fo r the f uel i n que s t ion, or that t he standard was inte nded t o 

prec l ude u se o f suc~ f ue l. Sinc e t h e NOx s tanda r d f o r liquid f u e l s 
 •
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Mr. Gary N. Weinreich -3- April 1 3, 19 77 

) 
was based on control techniques which will not reduce NOx emissions 
for these byproduct liquid fuels and since there is no evidence that 
indicates that these fuels should be precluded from use; it would 
appear appropriate that the steam boilers and steam s u perheaters be 
exempted from meeting the NOx emission limits specified in section 
12.401 (5) (a) of Regulation R23-25-l2. 

• 

The Department would require the submission of a detailed discussion 
with supporting evidence that the best available control technology 
has been employed in the design of the steam boilers and steam 
s uperheaters for NOx control and that the emission rate of 0. 5 57 
pound s NOx per million BTU heat input for liquid fuel s burned in 
t he steam boilers and the emission rate of 0.24 p o unds NOx per 
million BTU heat input for the liquid fuels and the Str e t f ord 
off-gas burned in combination in the stearn superheaters are the 
l owest emission rates for L Ox control achievable with present b e st 
avai l able control technology. Upon review and approval o f the 
info r mation submitted, the Department will s pecify NOx emission 
l i mits and NOx monitoring requirements for the steam b o i l e rs and 
steam superheaters. These limits will be included as cond i tions 
t o a permit to construct, upon issuance . 

The i nformation requested above should be submit ted as s oo n a s 
p o ssible so the appropriate emiss i on limit c o nditions fo r S0 2 a nd 
NOx can be drafted and the processing of your p e r mit t o c o ns t r u c t 
wi ll not be delayed. 

If you have any questions concerning this letter, please feel free 
to contact this office. 

Yours truly, 

~/ 
w. Van Heuvelen, Chief 

Environmental Control 


~·;VH/DK~·1: lrr 
cc: John Dale, EPA 
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Annual Wind Ros es for Wjll iston and Bismarck 
North Dakota Air Quality Da t a 
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ANNUAL PERCENTAGE FREQUENCY OF WIND SPEED AND DIRECTION 
WILLISTON, NORTH DAKOTA, 1964 THROUGH 1975 

WIND SPEED 

3 

13-1' I 

3 
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ANNUAL PERCENTAGE FREQUENCY OF WIND SPEED AND DI RECTION, 
BISMARCK, NORTH DAKOTA, 1955 TH ROUGH 1964 
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• SUMMARY OF AIR QUALITY MEASUREMENTS FROM BISMARCK, MANDAN, 
AND DICKINSON, NORTH DAKOTA, 1970-1974 

SUS2ended Partfculates Su s 2ended Su Ifa tes Reactive Sulfur Oustfall Coefficfent of 
(SuI fat iOri)" Haz~J 

Annua 1 Maximum Annual HI.',."" Annual Maximl.JT! Annual Mdxtmum AnnualI Geometrfc 24-hour 24-hour Average l-Honth Average 3-Honth Geometrfc 
Hean Sample ~~~;~~) Sample Sample (tons/ Sample Hean 

(u9/m') ("9/ 10 ' ) (u9/m' ) ~:~~~~~) mf ' ) (tons/mi ') (coh/l 000 ft)~,~!~~) 
Bfsmarck 

1970 6B 136 2.BO B. 30 0 . 16 B. 1 l1.B HA2 
1971 55 147 3 . 92 7.70 0.09 0.16 4.B 7.7 0.21 
1972 59 406 3.63 10.43 0.12 0.25 5 . 7 B. 3 O.lB 

~3 31973 15B 4.30 10.46 0.10 0.22 4 .6 11.9 0 . 06 
1974 1 132 6 . 17 0.22 14 . 0 

Mandan 

1970 42 B3 3. 20 5 . 40 <. 1 <.1 NA NA NA 
1971 52 100 3.99 8.12 0.09 0.26 NA NA HA 
1972 42 112 3.48 12.00 0.12 0.26 NA NA NA
1973 41 116 3.56 7 .60 0.10 0 . 16 NA NA HA 
1974 1 9B 3.72 0 .23 

Dickfnson 

1970 46 126 1.70 6.20 NA NA NA NA NA 
1971 41 98 2.08 3.90 0.05 0 . 10 NA NA NA 
1972 42 105 2.60 5 . 51 0 .05 0.09 NA NA NA 
1973 49 149 3.66 24.28 0.07 0.17 NA NA NA 
1974 156 2. 45 0 . 11 

11974 Data fndfcate s data through June 1974 
2 No ~asurements av,flable 

3Not yet available 
Source: woodvard-Envlcon. Inc. 1974 . 
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MEASURED S02 CONCENTRATIONS, PERCENT FREQUENCY OF OCCURRENCE, 

16 JUNE, 1974 THROUGH 14 AUGUST, 1974 
 • 

24 Hour Average 1 Hour Average 


PPM No . Obs. S Occurrence No. Obs . % Occurrence 


,I .000 - . 005 11. a 204 lS. 7S 


, 006 - . 010 11 . 1 189 14.6 


.011 - .015 9.3 180 13.9 


.016 - .020 13.0 136 10.5 


.021 - .025 13.0 96 7.4 


.026 - .030 13.0 103 7.9 


. 031 - .035 9.3 103 7.9 


.036 - .040 5.6 57 . 4 . 4 


.041 - .045 7.4 47 3 .6 


. 046 - .050 5.6 53 4. 1 


. 051 - .055 27 2.1 


.056 - .060 24 1.9 


.061 - .065 1.9 18 1.4 


.066 - .070 11 0.9

54 


Max •• .063 ppn
.071 - .075 19 1.5 


.07~ - .080 0.7 


.081 - .085 0.4 


.086 - .090 0.4 


.091 - .095 0.5 


.096 - . 100 0 . 2 


. 101 - .105 0.1 


1296 

Source; \·Ioodward-Envicon. Inc .• 1974. 

•
SULFATION DATA FROM PASSIVE DEVICES· 1974 (REACTIVE SULFUR) 


MILLIGRAMS/100 CM2/DAY 


STATION GENERAl. PLANT AREA NETWORK PERIOD 

Elev . 2/23/74 3/14/74 4/1 3/74 4/23/74 5/15/14 5/23/74 6/24/14 Ar1 tho 

(Ft- 3/14/14 4/13/74 5/15/74 5/23/74 6/13/14 6/24/74 7/24/14 !net1c 


No. AGL) (Mar) (Apr) (May) (May ) (Jun) (Jun) (Jul) Avg. 


(10) 	 <.13 < . 13 < . 13 
(10) 	 <.13 <. 13 < .13 
(10) <. 20 < . 14 <. 13 < .14 <. 13 < .15 

(10) 	 <. 13 < .13 

(10) 	 <. 13 <. 13 < . 13 

(10) 	 < . 13 <.13 < .13 

(10) 	 <. 13 < .13 < . 13 
(10) 	 <.13 < .13 < . 13 

9 (10) < . 13 <.13 < . 13 


10 (100) <. 14 <. 13 < . 14 <.13 <. 13 


STATION NORTH DAkOTA STATE NETWORK P[RIOO 

NAME 


(Mar) (Apr) (May) (May) (Jun) (Jun) (Jul)· 
1974 1974 1974- 1974 1974 1974 1974 

B1S111rck 0.22 0.16 0.14 0.14 0 . 12 0.12 

D1ck1nson 0.11 0.10 0.05 0 . 05 N.D. N.D. 

W1111ston 0.08 0 . 18 0.06 0 .06 0 .02 0.02 

Dna 1nYll1d 


- • Stat10n not yet activated 


• D1fferen t SIII.ple per10d 

N. D. 	 • No Data 


Data not ava f1eb le 


C0IIIp11 ed by : Woodwrd-Env1con, Inc. 1974 . • 
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RESULTS OF ANALYSIS OF HI-VOL SAMPLES FOR SUSPENDED PARTICULATES, 

METEOROLOGICAL TEST SITE AND NORTH DAKOTA STATE AIR QUALITY 


NETWORK 


l..bC4t on 

P.rIOd 
ileiient 

Ket.eorolos1al b.-t S lt.fl 
J une • .,lui;.: 1974 

~ ~ ~ 
una • .,lui;.: 1972 

!!?!:.. ~ B.ix. 

ArlthMtic A.verag•• 1l19/li
3

) 
ItOrth Dakota Stat. Air S2ua..li~ Net 'WUE"k 

J""e • Jul ~ 197] 
~8 Di e . __ 8i•. !2:. 

.,I""" 191. 
Die:. !!!.:.. ~ 

sultn.. (1''11.
3

) 
HI trun 1 ~9/.] ) 
Pluorlde. 1~ 9/.3) 
pH 

4.90 
0.44 

. 012 
9.6 

0 .49 
o. )) 

.003 
9.2 

3.1 9 
0. 19 

.009 
9 . 4 

2 .06 
0.94 

. 009 
9. 38 

1. 73 
1.01 

. 00 ] 
9 . )8 

4.02 
1.53 

. 015 
9.38 

4 . 41 
2.28 

. 0 34 
8. 59 

1.97 
0.9. 

8.b4 

2 . 17 
l.ll 

8 .87 

0.61 
0.39 
0 .01 
7.00 

1.10 
0 . 4a 
0. 01 
7 .11 

1.0 
0 .74 
0. 01 
7.n 

1.44 
1.59 
0.03 
7.78 

TTace Ketal . ~ ~!ll.J! 

(Ne"cary ) 
(Ar'en.ic ) 
IMD1Vbd n wn) 
(Selen ltJa1l 
CIA""I 
(An t i oooy ) 
I Se.ry 11''') 
(C&4ai..) 

IVan...si.-1 
(MangAM!•• ) 

(Ou:caiua) 
(O>pper) 
(M iclI..l) 
(Zinc) 
l l ron) 
(ae.n..) 
(llen'on ) 

<0.000) 
<0 . 0042 
<0 . 0 17 
<0 .083 
<0 . 041 
<0 . 0 25 
<0 .0015 
0.0 

<0 . 00 ) 
0 . 060 
0 . 00] 
0 . U4 
0 .011 
0.049 
1. 50 
0.0 
0.0 

No t race a.etall anal y .... perfo~ 

Rad ionuc l i de. (~iI. )1 

.uph.l 
!leta 

0. 002 • 0.(;0 1 
O . Jl9~0 . 022 0.2S . 20) .271 0 .09 .0 39 .046 0.41 0.32 0. 37 O. ]5 

~end: 	 Fox (Fo Jdlo t.. North o.kota) 
Oil! I01cxlnson. North o.ko tA ) 
S ia (Bisa&rck, North Deko t.' 

- No valuea during period 

SOurce . 	 Mooctwu4-an.,lcon, Inc., 1974 . 

• 
RESUL TS OF DUSTFALL ANALYSIS CONCENTR'ATIONS (TONs/MI2/MONTH) 

Station 	 General Plant Network Periods 
~ 2/23/74 3/14/74 4/13/74 4/23/74 5/15/74 5/23/74 6/13/74 6/24/74 

(Ft- 3/14/74 4/lJ/74 5/15115 5/23/74 6/13/74 6/2~/74 7/15/74 7/24/74 Ari thmctic 

~ ~ ..J.!!!!..L ~ ~ ~ ~ ~ ~ ~ ~-
(l0) 2.918 tJ. 4.659 tJ. 6.432 4 . 67 
(l0) 1. 473 tJ. 5.162 tJ. 18.589 8.41 
(10) 0.533 2.024 1. 412 tJ. 3.201 tJ. 4.328 tJ. 2.30 
(10) 	 2.401 tJ. 5 . 744 tJ. 34.136 14.43 
(10) 	 3.372 tJ. 3.340 tJ. 4.140 3.62 
(10 ) 	 14 . 370 tJ. 13.319 tJ. 12.705 lJ . 47 
(1 0 ) 	 2 . 495 tJ. 6 .447 tJ. 6.527 5.16 
(10) 	 3 . 937 3 . 888 tJ. 8.691 5.51 
(10) 2.932 3 .452 f,. 12.956 6.45 

10 (100) 1.914 1.741 tJ. 2.196 tJ. 2 . 5 41 tJ. 2.1 C 

North Dakota State Network periods 
Station ArIthmetic 

(Mar)~ ~ ~ .l!!!Yl.. ~ ~ ~ ~ ~ 
Bismarck 

1974 4.7 14 . 7 12 .2 7.1 N.D . 9.83 

Bi...r ck 
1973 U.9 5.5 3.0 1.2 7.2 5.76 

Bis-aarek 
1 972 3 . 6 10 .6 6. 3 8 . 0 6.9 7 .08 

- s St.tio n no t yet activated. 
f,. • OHfere nt _lI.IIple period . 
N.D. • No dAt.a 

Source: 	 Woodwa.rd-EnvicQo , Inc. 1974 . 
No rth !laJtota Depar~nt of Hu lth . 
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GROUNDWATER AND SPRING INVENTORY DATA 

• 
Source: North Dakota Geoloqical Survey, Bulletin 56, Part II, 1970. 

Woodward-Envicon, Inc. Analysis, 1974 . 

E-1 

Elevation 
Well No. J.f.U!ill... 

GOI 1855 
G02 1890T 
G03 1774T 
G04 2060T 

,f 
G05 1735 
G06 1775 
G07 1770 
G08 1790 
G09 2015 
GI0 1925T 
Gll lS30T 
G12 1875T 
GlJ 2080 
G14 2010 
G15 1079 
G16 2100 
G17 1910 
G18 2060T 
G19 1900T 
G20 2185T 
G21 2040T 
G22 1862 
G23 2070 
G24 1990 
G25 2030 
G26 2030 
G28 1760 
G29 1820 
G30 1748T 
G34 1741 
C38 1740T 
G45 1736 
G46 1795T 
G57 1930T 
G58 1763T 
G60 1840 
G61 1950T 
G65 1950T 
G75 2063T 

• 
G77 2020T 
G78 1915 
G79 1940T 
G81 1995T 
G89 1820T 
G91 1930T 
G92 1730T 
G93 1732 
G96 1790T 
G98 210m: 
F01 1889 
F02 1860T 
F03 1980T 
F04 2140T 
F05 2100£ 

180 1870T 
187 2100E 
188 2100£ 
199 1890T 

Elevation - T 
E -

OWner NOSWC 
-

Use 	 D 
S 
T 
U 

Depth, Casing Depth 

PUIOP 

H. P. 


LSD 

Casing Water 
Depth OiaD> Oepth Bear ing


Owner Use Pump-type
J!..tL J.!E.L --.lli.L Aquifer ~ ~ 
NDSWC 229.82 	 OW SC 146/88/21000

A. Criatun 35.75 18 58 L 146/88/22C881
F. Hoffu" 940R 2 	 HC-L? 144/86/9DCB

WHA I 129.9 2 	 58 145/87/188AA
NDSWC 224 ow 144/86/19ABANDSWC 156 OW G 144/88/25CCC3
NDSWC 103.6 	 OW S 144/88/36B8C2NDSWC 85.45 OW GS 144/88/318CC

WHAI 103.0 97.5R S8 L 145/87/30A08
Eisenbeis DoS 155 4 115R W,R OW 145/88/ lACC
B. Oschaak 0 56.5 4 E At or OW 144/89/14 OC3E. 8eick DoS 24.5 48 P S8 144/89/24BCC

WHAI 23.8 2 	 AL 145/87/2£-1/4
WHAI 87.7 2 85.2 58 145/87/11000
WKAI 113.2 110.7 S8 146/e7/22S 1/4
WHAI 160.7 158.2 S8 146/87/27ctr

NDSWC 198.8 210R OW 145/88/25AH8
WHAI 188.4 185.9 S8-TR 146/87/28ADO

H. Boeckel 23.6 24 W,P OW? 145/87/3DCCA
WHAI 212.8 2 215.3 N S8-TR 145/86/6C88
WMAI 206.2 2 203.7 S8-TR 145/87/198BC

ND5WC 16.82 1 46 OW? 145/87/32DC
WHAI U5.3 2 132 .8 58 C,L 146/87/215-1/4
WKAI 43.7 41. 2 S8 L 145/87/28A1lA
WHAI 114.8 112.3 58 L 145/87/19CC8
WKAI 53.2 50.7 S8 CS 145/87/19C80NDS'WC 230 	 OW 144/87/14AAA

Knoell 15.8 AL? OW? 144/87/3A
WeigUDI 	 OW? 144/86/18ABA

NDSWC 62.5 AL 144/86/1BADC2NDSWC 164.2 OW GS 144/86/180A8
NOSWC 203.5 OW GS 144/86/1800C4 

27 OW 143/88/40CD
T. Te.ke 33 . 5 24 58 145/87/28COO
E. Oater 18 . 3 36 At 144/87/14AAl

NDSWC 225.4 1 	 OW 144/88/178CO
O. Boeckel 40R 24 W,P 58? 145/87/30A88
C. Boeckel 45 6 E 58 145/88/230082
E. Boeckel 0&5 1370R 4- 400' R HC-FH 145/87/6C883

2-1,370' 
H. Hafner 320R 4 S8-TR 146/87/1700D2
H. Hafner 	 21205R 	 HC-FH 146/87/80002
H. Hafner 1299R HC-FH 146/87/100BC 
E. Richter 0&5 72.3 	 S8 1( 5/ 86/11COO 
F . Ost 0 147R TR? 1 44/88/26AAl
W. Rahn S 68.5 24 S8 145/86 /3! CCAl 
L. Sailer 41.50 4 	 OW 144/86 /80001
F. HoffDl8n 730R 2 HC-L 144/86/17AD
8. Schwarz 28 24 	 OW orAL 144/87/25ADC2
Schlender 52.85 6 S8 145/89/22882
R. Sailer 0.5 S8? 146/88/280AC
J. Sailer S 145/87/33DCAl
E. Keller 145/88/12DC04
R. Knecht 146/86/310DA
Hittel- 6.16 48 145/89/Jl88C
Steadt 

Weidner D&S 2l0R 58 146/87/1BCCA
H. 8uech1er 48.65 18 58? 145/89 /22A882
Schlender 28.33 	 36 58? 145/89/2288
A. Chr18tDl8n 36 6 58 146/88/22C882 

KEY TO ABBREVIATIONS 

froln TOpographic map Aquifer AL - alluviUlft 
eltimated OW - outwaSh 
Morth Dakota State Wat,:!r COIlII.ission 58 - Sentinel Butte 
North Dal<ota Geology Survey TR - Tonque River 

doe.eat ic 
.tock 
te.t 
unused 

R - reported 

Type - E - electric 
F - flow valve 
P - pitcher 
R - red jacket 
W - windloill 

- ...asuring point 
. B - at or above basement 
land surface datUlll 

L - CIlIInonball-Ludlow 
He - Hell Creek 
FH - Fox Hill. 

P - perched 

Water Bearing Material 
C - clay 

C5 - clayey .and 
G5 - gravelly sand 
SG - sandy 9ravel 

L - lignite 
G - gravel 
5 - .and 

Location 	 1451 - Township North 
1871 - Range w.st 

floor 110ACB - Section, ~, ~ of ~, .. of .. of .. 
A - northeast 
B - northwe.t 
C - southwest 
o - southeast 

http:Hittel-6.16


RENNER BAY, . - WATER QUALITY DATA, 
28 JUNE, 1974 THROUGH 26 SEPTEMBER, 1974 1../ 

un + o.VULt.J On 
'WLt hout LO§ 

6/28 0.5 0. 5 0 .1 0.6 :; 0.2
1/ 22 0.4 0.4 0 . 8 0. 4 :; 0 . 1 
8/23 0 . 3 0 . 4 0. 2 0. 4 0 .9 0 . ) :; 0 . 1 
9/26 0.4 o. 0 . 6 0. 5 0 . 5 0 .5 - 0 .1 

6/ 28 11 . 0 11.0 8.6 8.2 9 .5 :; 1. 8
7/22 10.6 11 .0 15.0 11 . 0 15 . 0 11.9 ; 2 . 1 
8/23 6 . 1 9 . 6 8 . 8 8.3 10.4 8. 0 :; 1.3 
9/26 8 . 6 14 . 4 11.9 11.9 11.1 2.6 

6/28 236 236 231 
 235 240 

7/22 212 211 214 
 214 216 ~
~ :~ ~ 
8/ Ll 208 Z0 8 208 :; 0
9/26 204 
 204 204 
 204 - 0 

Sulfate. aq/ l 6/ 28 128 III 123 

7/ 22 112 125 123 
 130 

8/ 23 115 
 116 111 120 121 

9/26 .[6 1 168 166 
 163 169 


Chloride. ~/l 6 / 28 9 . 5 9. 1 9.5 t 0 . 1 
7/22 10 . 4 10 . 4 10 . 4 10 . 4 10 . 4 10. 4 :;: a 
8/23 9 . 9 9. 9 10.2 9 .9 10 . 0 10. 0 ; 0. 2 
9/ 26 9 . 4 9. 4 9.4 9 . 4 9 . 4 - 0 

ToUl Solid•• 89/ 1 6/28 438 
 440 438 414 482 
 448 ; 18 

7/ 22 470 416
518 016 418 485 ; 2.

8/ 23 430 428 430 
 418 492 

9/26 444 416 
 ::! ! ~: 

'rot.al DiaaolvM Solid., -.a / I 6/ 28 4]6 439 43" 413 414 452 :;: 20 

7/22 458 514 412 
 4"8 415 .. 78 :;: 25 

8 / 23 428 
 028 414 .. 9 :;: lS 
9/26 .. so - L6 

Total VolatU. Solida. -:J/ 1 6/ 28 104 
 108 106 100 112 HIS; 3 

7/22 90 162 216 152 
 138 1 55 ; 52 

8/ 23 184 
 110 2 10 :;: J: J 

9/26 9<1 110 89 - 9 


Total AlkAlinity, 119/1 (as CaCOJ ~ 6/ 28 1'4 168 
 164 160 

7/22 16-fi 161 164 110 
 !:: $ : 
8 / 23 164 164 160 
 114 16• • 0 

9/ 26 166 164 165 
 168 169 1611 - 2 


Apper~t Color Pt.-Co uni t s 6/28 
8 :;: 2 


7/22 8 :;: 1

8/ 23 
 10 
 8 :; 1

9/ 26 
 9 9 - 0 


Turbidit\,. FTU 6/ 28 0.9 0 . 1 o . S :; 1 

7/22 2 . 5 2.0 1. 9 2 . 1 1.6 2. 1 :; 0 . ] 
8/ 23 2.6 2.4 2 . 2 1. 5 2.4 :; 0 . 2 
9/ 26 1.6 I.. 1.3 2 . 4 1.5 - 0.2 

~r.i... ~/ l 6/ 28 '0.01 <0.01 <0.01 <0. 0 1 ;7/22 < 0.01 < 0.01 0 .0] 0 . 01 0.01 <0.02 :+ 0.01 
8/23 0.03 0 . 06 D.O' 0.00 0 . 05' 0.04 :; 0 . 01 
9126 0.03 0.03 0.02 0.030 . 02 0.03 - 0.01 

6 /28 0 . 16 0 . 10 0 . 16 
 0 . 1' 0. 14 ;: O.OJ 
7/ 22 0 . \6 0 . 24 
 0 . 1. 0.15 0. 27 

8/ 23 0 . 11 0 . 10 0 .01 0 .08 0. 10 : ~: ~ ~:~!
~
9/ 26 0.29 0.30 0.28 0.24 0. 28 - 0 . 02 

Niuat.e, ~/l 6 / 28 0.01 ":0.0_1 <0.01 <0 . 01 <0.01 <0.01 
7/ 22 0 . 01 0 . 01 0.01 0 . 01 0.01 
8/ 23 0 .01 01:0.01 0 . 01 <0 .01 0.01 <0,..01
9/26 0.03 0 . 04 0.04 0 . 04 0.04 0.04 - 0 . 01 

Nitrite. ~/l 6/28 0 .01 <0 . 01 <0.01 <0.01 
7/ 22 <0.01 <0 .01 <0.01 <0.01 <0.01 
8 / 23 <0. 01 <0.0 1 <0.01 <0 .01 <0 . 01 <0.01 
9/26 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Total Phoaphac il' , 1MJ / 1 
 6/28 0.01 0 .01 0.01 0 . 01 0.01 0.01 
1/22 0 .08 0 . 04 0. 06 0. 01 0.09 O. OE t 0 . 02 
8/23 0.02 0 . 02 0.01 0. 02 0.05 0 . 01 - 0.01 
9/26 0.02 0.02 0 . 02 

Ortho Phoaphat. •• IllS/ I 
 6/28 <0.01 <0 . 01 <0 . 01 <0.01<0.01 <0.01 
1/22 0.01 <0 .01 0 .01 0.01 <0 . 0 1 
8 / 23 0.01 0 .01 0 . 0 1 0.01 0.04 0.01 
9/26 0.01 0 . 01 <"0. 01 0.010 . 01 <0.01 

~r.ture . °c 6/28 11 18 
 17.8 
1/ 22 23 23 2) 10 23 0 

8/23 18 18 19 18 11 
 19 . 3 0. 5 

9/2 6 IS 16 
 16 IS 16 15 . 5 

~u:olyed Oxygen. ag/ l 6/ 28 9 .2 8 . 9 9.1 9 . 2 9 . 0 0.2 
1/22 1 . 5 8 . 0 8 . 1 1 . 9 1 . 9 1 .9 0 . 2 
8 /23 8 . 9 8.9 8 . 9 ".1 8 . 
9 / 26 8 .6 8 . 6 8.6 7. 8 8 . 4 

Conductivity, uahos /cm 6 /Za 13 0 110 
 11 0 110 680 115 10 

1/ 22 690 
 680 100 690 
 690 8 

8/23 680 610 
 £90 690 680 8 

9/26 650 650 
 ,.0 6 50 650 6 1 3 45 


pH. &!and r..d un it s 6/28 8 .1 8 . 5 8 . 1 0. 3 

1 / 22 8 .5 8 . 4 8 . 4 8. " 0 . 1 
8/ 23 8 .9 8 .8 8.0 8 . 6 
9 / 26 


• 
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•
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AIUlllintmi. "'1/1 7/2 2 0.10 0.060 0 . 080 0.076 - 0.017 

Ars.nic. ...,/1 I, •• <0 . 01 <0.01 <0.01 

cacYIiUlft. mo l l 7/22 <0.005 <0.005 <0 . 00 5 <0.005 

Calcium . ..,/1 7/22 55 59 53 5 2 66 - 20 

Chcomium, "9/ 1 7/22 <O.OOS <0 . 005 <0.005 <0.005 <o.Oo~ 

/ COpper, .../ 1 7/22 <0.01 <0.01 <0 .0 1 

I Iron, ...,/ 1 7/22 0.029 0.03) 0.08) 0 .0)5 - 0.006 

Lead, ...,/1 7/22 0.02 0.02 0.021 - 0.002 

!1anqanese . "'1/1 7/22 <0.005 <0 . 005 <0.006 

Maqnes iua • ...,/ 1 7/22 20 20 66 21 -1 

potassium, "'1/1 7/22 4.1 .4 .2 4 .3 4 .5 4 .2 - 0.2 

SodiUIII • ...,/ 1 7/22 56 60 60 60 - 4 

Zlnc, ...,/1 7/22 0.027 0.015 0 . 040 0.072 ! 0.0"99 

t-te:rcury, "'1/1 7/22 <0 . 0001 <0 . 0001 <0.0001 

B-ari~ 11911 7/22 0 . 80 0.50 0.50 0 . 6 ! 0 . 13 

Ho1ybdenu. "'1/ 1 7/22 <0.01 <0.01 <0.01 

Boron, "9/1 7/2"J. 0 . 11 

Fl\lOcide, "'1/1 7/ 22 

Phenol, "'1/ 1 7/ 22 

Source: Woodward-Envicon, Inc . . 1974. 

• 1./ Sampling locations were established on Renner Bay during the 
Spring of 1974. L01 and L02 were located south and west of 
the proposed water intake, respectively. L03 was located in 
the mouth of Renner Bay, and L04 (surface) and LOS (bottom) 
were in the vicinity of the proposed intake . 

• 
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LAKE SAKAKAWEA, . WATER QUALITY 
HISTORICAL SUMMARY, OCTOBER 1912 THROUGH JULY 1914 

I 

paiameter _N_ Mean Deviation Maximum Minimum Begin End 
, 

0 
Temperature, C 18 6.8 4.2 13 2.5 10/72 6/74 

Discharge, cfs - monthly 20 13780 6164 36500 16900 10/72 6/74 

Color Pt-Co units 18 7 4 20 4 10/72 6/74 

Conductivi ty, \1mhos/cm 20 658 30 722 610 10/72 6/74 

BOD, mg/1 1.0 0.3 1.2 1.8 7/74 7/74 

pH 20 1;1.1 0.2 8.4 '7.7 10/72 6/74 

carbon Dioxide, mg/l 21 2.6 1.7 5.6 1.0 10/72 6/74 

Total Alkalinity (as CaC0
3

, mg/l) 
Bicarbonate, mg/l (HC03) 

21 
21 

146 
182 

24 
7 

159 
198 

146 
174 

10/72 
10/72 

6/74 
6/74 

Carbonate (C0 3) mg/l 21 0.6 8 0 10/72 6/74 

Total Nitrogen - N, mg/l 0.58 .32 .80 .35 4/74 6/74 

Organic Nitrogen - N, mg/l .42 . 31 .64 .20 4/74 6/74 

Ammonia Nitrogen - N, mg/l .05 .035 .02 .07 4/74 6/74 

Total Kjeldahl Nitrogen - N, mg/l 0.47 .35 .71 .22 4/74 6/74 

Total Nitrate + Nitrate, mg/l 0.11 .03 .13 .09 4/74 6/74 

Dissolved Nitrate + Nitrate, mg/l 18 .16 .07 .39 .08 10/72 6/74 

Total Phosphorus as P, mg/l 2 .05 .05 .08 .01 4/74 6/74 

Dissolved Phorphorus as P, mg/l 18 .02 .01 .03 0.0 4/74 6/74 

Cyan i de (CN), mg/l 0.0 0.0 0 0 4/74 6/74 

Total Hardness (as caC0
3

, mg/l) 21 202 17 230 190 10/72 6/74 

Dissolved Calcium, mg/l 21 49 55 . 36 10/72 6/74 

Dissolved Mag'nesium, mg/l 20 20 22 16 10/72 6/74 

Dissolved Sodium, IlIg/1 21 59 5 66 54 10/72 6/74 

Sodium Absorp. Ratio 
Percent Sodium 

21 
21 

1.8 
38 

0.1 
. 2 

1.9 
41 

1.6 
36 

10/72 
10/72 

6/74 
6/74 

Dissolved Potassium, mg/l 21 4.3 0.9 4.5 3.8 10/72 6/74 
Dissolved Chloride, mg/l 18 9.2 Ll 11.0 7.8 10/72 6/74 
Dissolved Sulfate, mg/l 18 170 16 190 120 10/72 6/74 
Dissolved Fluoride, mg/l 18 0.5 0.2 1.1 0 . 4 10/72 6/74 
Total Fluoride, mg/l 0.8 4/74 4/71 

Dissolved Silica, mg/l 18 7.3 0.4 7.9 6.2 10/72 6/74 
Dissolved Arsenic, \1g/1 18 2 0 10/72 6/74 
Dissolved Barium, \1g/1 4 0 0 4/73 4/14 
Di ssolved Beryllium, \1g/1 4 0 0 0 4/73 4/74 
Dissolved Boron, \1g/1 18 118 25 170 40 10/72 6/74 

Totlll Boron, Ilg/1 330 4/74 4/74 
Dissolved CadmiWD, \1g/1 18 1 0 10/72 6/74 
Dissolved Chromium, \1g/1 4 2 , 5 10 0 4/73 6/74 
Dissolved Cobalt, \1g/1 4 1 0 4/73 '6/74 
Dissolved Copper, Ilg/1 4 5 4/73 6/74 

Dissolved Iron, \1'3/1 20 12 30 9 4/73 6/74 
Dissolved Lead, \1g/1 4 0 4/73 6/74 
Total Lead, \1g/1 100 4/74 4/74 
Dissolved Manganese, \1g/1 23 30 67 0 4/73 6/74 
Dissolved Molybdenum, \1g/1 1 1 4/73 6/74 

Dissolved Nickel, ~g/l ,4 6 4/73 6/74 
Dissolved Silver, \19/ 1 0 4/73 6/74 
Dissolved Strontium, \1g/1 510 74 560 400 4/73 6/74 
Di solved Vanadium, \1g/1 .2 0.1 .3 0 4/73 6/74 
Dissolved Zinc, \1g/ 1 4 33 33 80 10 4/73 6/74 

Total Zinc, \1g/1 430 4/74 
Total Aluminum, \1g/1 300 4/74 
Dissolved Aluminum, \1g/1 5 10 0 4/74 6/74 
Dissolved Lithium, \1g/1 4 50 11 60 40 4/74 6/74 
Dis'solved Selenium, \1g/1 4 4/74 6/74 

Suspended Solids, mg/l 0 4/74 6/74 
Dissolved So lids, 1119/1 20 432 23 448 400 10/72 6/74 

Source: u. S . Environmental Protection Agency, STORET System, 1974. 
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• KNIFE RIVER AT HAZEN, WATER QUALITY HISTORICAL SUMMARY, 
SEPTEMBER 1969 THROUGH MARCH 1974 

Parwneter _N_ 

/ 
Temperature, DC 39 8.61 8.30 25.00 0.00 10/69 9/73 
Flow. cfs 43 464.7 1150.8 5930 13 9/69 9/73 
Conductivity, ~os 42 1403 485 2150 300 9/69 9/73 
pH 28 7.89 .26 8.30 7.00 9/69 6/73 
Total Alkalinity. 1119/1 as caC03 28 402 136 621 89 9/69 6/73 

N03-N. dissolved. 1119/1 16 .33 .30 1.29 0.00 10/70 6/73 
Ortho-P04 • mg~l .03 .05 .14 .00 6/71 6/73 
Total Hardness. mg/l as CaC03 28 320 101 530 81 9/69 6/73 
Ca. dissolved, II1g/l 28 69,0 21.9 130 22 9/69 6/73 
119. dissolved, 1119/1 28 35.80 13.13 67.0 6.3 9/69 6/73 

Na, dissolved, 1119/1 2'8 228.5 79.6 330 32 9/69 6/73 
, SodiUll1 28 59.18 5.60 72.00 43.00 9/69 6/73 
K. di.ssolved. 1119/1 28 6.93 1.23 8.90 1.60 9/69 6/73 
Chloride. mg/l 28 3.75 2.71 9.10 .00 9/69 6/73 
Sulfate, 1119/1 28 404 131 640 68 9/69 6/73 

Fluoride efl. dissolved, 1119/1 28 .43 .25 .90 .00 9/69 6/73 
Slolica, dissolved, mg/l 28 11. 23 3.6 18 4.8 9/69 6/73 
Boron. dissolved. 1119/1 28 .263 .303 1. 300 0.00 9/69 6/73 
Iron, dissolved. mg/l 16 .186 235 .740 . 00 10/70 6/73 
Manganese, dissolved, 1119/1 16 .0219 16.0 .060 10 10/70 6/73 

Dissolved solids, II1g/l 28 1002 314 1550 219 9/69 6/73 
N03, total. II1g/l 1.18 0.73 2.8 .00 1l/70 9/71 
N03, dissolved, II1g/l 28 1. 22 1.11 5.7 .00 9/69 6/73 
00, mg/l 9.60 1.95 11.4 6.3 10/73 3/74 
BOD, 1119/1 2.95 .78 3.5 2.4 10/73 1l/73 

- Total 0.08 0.09 .18 .01 10/73 3/74 
Total Coliforlll f/l00 ml 212 283 710 20 10/73 3/74 
Fecal Colitorlll ,/100 1111 26.00 16.7 50 10 10/73 3/74 

P04 

Source: U. S. Environmental Protection Agency, STORET System, 1974 . 

• 
SPRING CRE,EK AT ZAP, WATER QUALITY HISTORICAL SUMMARY, 

SEPTEMBER 1969 THROUGH MARCH 1974 

Parameter _N_ 

Temperature, DC 28 7.46 7.91 24.00 0.0 10/69 9/73 
Flow, cfs 31 107 277 1120 4.2 9/69 9/73 
Conductivity, \lIIIhos 31 1306 462 1870 180 9/69 9/73 
pH 15 7.91 O. 25 8.30 7.40 9/69 6/73 
T-Alkalinity as CaC03, II1g/l 15 374 101 509 157 9/69 6/73 

N03-N, dissolved, 1119/1 .23 6/72 
Ortho P04, 1119/1 3 .087 .085 .17 .00 6/72 6/73 
Total Hardness as Cac03 , 1119/1 15 356 83 458 185 9/69 6/73 
Ca, dissolved, 1119/1 15 77 16.8 99 40 9/69 6/73 
Mg, dissolved. 1119/1 15 .40 12 56 21 9/69 6/73 

Na. dissolved. 1119/1 15 206 607 283 91 9/69 6/73 
, Na 15 55 4 61 48 9/69 6/73 
It, dissolved. 1119/1 15 7.01 .55 7.90 6.00 9/69 6/73 
Cl. 1119/1 15 9.36 3.06 12.00 0.00 9/69 6/73 
S04. 1119/1 15 425 106 565 232 9/69 6/73 

Fluoride. dissolved. 1119/1 15 0.40 .21 .80 .10 9/69 6/73 
Silica. dissolved. 1119/1 15 10.88 3.86 18 6 9/69 6/73 
Boron. dissolved. 119/l 15 .266 172 . 56C 0.00 9/69 6/73 
Iron, dissolved, \)g/l . 090 123 .230 0.00 6/72 6/73 
Mn, dissolved, \)g/l .0433 30.55 .070 10 6/72 6/73 

ms, 1119/1 15 983 246 1310 529 9/69 6/73 
N03, dissolved, .-g/1 15 .75 .75 2.5 .00 9/69 6/73 
Fe, total, \)g/l 12 847 1002 3000 0.00 9/69 8/70 
DO, 1119/1 5 10.16 1.11 11. 3 8.4 10/73 3/74 
BOD, 1119/1 2.4 1.13 3.2 1. 6 10/73 11/73 

T-P04 - 1119/1 0.064 .120 .28 .01 10/73 3/74 
T-Col1forlll ./100 III 254 313 800 30 10/73 3/74 
F-Col1forlll ./100 al 28 27 70 10 10/73 3/74 

• Source: U. S. Environmental Protection Agency, STORET Syst.... 1974 . 
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STREAM WATER QUALITY DATA, MERCER COUNTY, NORTH DAKOTA, 
28 JUNE, 1974 THROUGH 26 SEPTEMBER, 1974 

J 
/ 	 Para.eter 

Total Herein.a. ~/l as (caCOl) 

'!'cuI Alkalinity. 1Dl9'/1 (a. CaCOl) 

Sulfate. -'1/1 

ColQr Pt-Co, unit. 

TUrbidity, M\I 

aiocheaica.l Oxygen O-.and. ag/l 

Ch_ical Oxygen o..and, aq/ l 

Chloride . -.gI L 

Total Solid., ..;1/1 

Total Oi . solved Solid., .;/1 

Total Volat i le Solid., IMJ/ l 

Annonia. BIll 

Organic Nitrogen, 1119'/1 

Nitrate. ~/l 

Total Pho!lp~te. -./1 

Ortho Pha.pha. te. ftItJ/l 

o
T.amperature. C 

DiSsolved Oxygen, £Dq/ l 

Cond~ctivity 

Lee.ti"" 

~ 

6/28 ]92 Hl 341! )62 )80 

7/ ll 327 285 299 28) 344 

8/2) ]47 284 ~ 7l* 268 J7 ~ 

9/26 310 )26 328 


6/28 460 480 460 484 432 

7/22 478 528 486 454 480 

8/2.) 490 582 469 510 410 

9/26 510 598 524 


6/28 ]04 )72 300 152 )30 

7/22 284 318 251 177 287 

8/2) 327 H6 229 137 302 

9/26 524 444 )39 


6/28 45 3$ 30 50 

7/22 50 50 50 55 60 

8/28 45 45 45 50 50 

9/26 40 40 40 


6/28 37 24 21 5 . 5 5.6 

7/22 26 32 J2 12 10 

8/2) 23 26 2) 17 16 

9/26 15 13 


6/28 3 . 9 3.2 3.7 3.7 3.8 
7/22 1.8 2.8 2.0 3.7 3 . 6 
8/2) 2.7 3 . 5 5.6 7 . 3 
9/26 1.9 ) . 7 

6/28 40 )8 )8 39 41 

7/22 40 36 31 47 47 

8/2) 28 J2 38 38 

9/ 26 28 JJ )2 


6/28 5.5 4 . 5 5.5 6 . 5 
7/22 6.5 4 . 5 5.0 5.5 7.9 
8/2) 7 . 1 4 . 0 5.9 6.8 7 . 9 
9/26 6.7 3 . 5 5.5 

6/28 1152 1290 llE8 852 1116 

7/22 1150 1300 1148 882 U 14 

8/2) 1220 1326 986 812 1104 

9/26 1320 1298 1104 


6/28 1098 1255 1127 828 1106 

7/22 1106 1242 1087 860 1089 

8/2) 1134 1242 888 800 1072 

9/26 1308 1214 1080 


6/28 236 174 256 200 238 

7/22 222 1J6 246 116 226 

8/23 180 2)0 296 25 2 260 

9/26 270 166 176 


6/28 0 . 05 0.04 <0.01 <0.01 <0 . 01 
7/ 22 0 . 01 <0.01 <0.01 <0.01 0 .02 
8/2) 0.03 0.04 0.0) 0.04 0.06 
9/26 0.03 0.02 0.05 

6/28 0.87 0 . 11 0 . 88 1.08 
7/22 0.98 1.01 0.78 1.60 1.44 
8/2) 1.41 1.55 1.84 2.06 1.70 
9/26 0 . 63 1.02 0.84 

6/28 0 . 01 0.01 0.01 0 . 01 0.01 
7/22 0 . 01 0.02 0.01 0 . 01 0 . 01 
8/23 <0.01 <0.01 0.01 <0.01 <0 . 01 
9/26 0.02 0.02 0.01 

6/28 <0 . 01 <0 .01 <0 . 01 <0.01 <0 .01 
7/22 <0.01 <0.01 <0.01 <0. 01 <0 . 01 
8/2) 0.01 <0.01 <0 . 01 0. 01 0.01 
9/26 <0.01 <0.01 <0.01 

6/28 0 . 14 0 . 11 0.12 0.2J 0.35 
7/"22 0 . 10 0.29 0.28 0.41 0.63 
8/2) 0.11 0.11 0 . 15 O. Jl 0.20 
9126 0.05 0.09 0 . 09 

6/28 <0. 01 <0 . 01 <0 . 01 0.07 0.17 

7/22 0 .02 0.01 0 . 01 0 . 14 0.10 

8123 0 .03 0 . 02 0.02 0.07 0 . 11 

9/26 0 . 01 0.01 0.01 

6/28 22 20 25 24 19 

7/22 24 2J 24 24 20 

8/23 16 16 18 16 14 

9/26 15 15 17 


6/28 7.5 6.9 5.4 5 . 6 
7/22 7 . 8 7.0 7 . 8 4 . 7 1.4 
8/23 7 . 8 7.3 10.0 6.) 6 . 3 
9/26 8.2 7.6 8.5 

6/28 1700 1800 1600 1200 1600 

7/22 1600 1700 1500 UOO 1600 

8/23 1800 2000 1450 1300 1650 

9/26 1800 1800 1500 


(Conti~.l 

• 


• 
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• 	 Location 
Param.ter Date ~ ---.22L ~ ~ ~ 

pH, au. 	 6/2B B.4 B. 5 B.J 8.2 B.6 
7/22 B.2 B.l B.l B.2 7.7 
B/2 ] 8 .9 8.B 8.9 9.1 8 . 4 
9/26 B.5 B.2 B.l 

/ 	 Al ualnWII. , "g/l 7/22 0.6B 0.72 0.56 0.10 0.10 

Arsenic, 109/ I 	 7/22 <0.01 <0.01 <0.01 <0.01 

Cadmium, ""1/1 7/22 <0 .005 <0. 005 <0.005 <0.005 <0.005 


Calcium, ""l/1 7/22 79 105 64 69 50 


Chromium., m<JIl 7/22 O. 008 <0.005 <0 .005 <:0.005 <0. 005 


Copper, mq/l 7/22 <0.01 <0 . 01 <0.01 <0.01 0.0]0 


Iron, 1119/ 1 7/22 2.8 1.1 1.] 0.28 0 . 7] 


Lead, ""1/1 7/22 0.0]0 0.028 0.027 0.026 <0 .02 


Manganese. mg/l 7/22 0.25 0.21 2.2 0.65 0.22 


MagnesiWl, mg/l 7/22 H ]5 J5 ]7 53 


Pot.a.ium, 1D9/ 1 7/22 10 11 10 10 10 


Sodi"",, "",/1 7/22 227 322 268 161 237 


Zinc, 1IkJ/1 7/22 0 . 0]0 0.0]0 O. 0]4 0.015 0.013 


Mercury, ""l/1 7/22 <0.0001 <0 . 0001 <0 .000 1 <0 . 0001 <0 . 0001 


Barium, mq/l 7/22 0.94 1.1 1.1 1.0 0.62 

Molybdenum. mg/ l 7/22 <0 . 01 <0.01 <0.010 <0.01 <0.01 

Boron. mg/l 7/22 0.42 0.21 0.27 

Fluoride, mg/ l 7/22 O. ]8 

Phenol, 109/1 7/22 2 . 2 2.0 2 . 4 

Source: Woodward-Envieon, Inc . analyses. 1974 . 


• 
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CHEMICAL ANALYSES1 OF SELECTED WATER SAMPLES 

upper Ha ll Cr••k-
Lover Cannonball-

Ludlow ~"ifer Fox Hilla-Ba• • l Hell Creek !Sluiter 

J 

G03/940' G93/130' G75 / 1]10' G78/1205' G79/ 1299' Z"p/ 1281, 


Paraaeter
2 

Well/Depth lieU/ Depth Well/Depth Well/Depth
~ ~ 

o.t. 740620 740620 740621 7407 11 740621 740812 


('C) 13.2 13 .6 8.8 13 .5 14.1 16.7 

pH (Wlit .t ) 8.0 
~ 

8. 2 8.32 8.48 8.55 8.38 


Cola r (un1te ) 17 


'l'urb (J . d t.lOl1 unl.ta) J <25 J <25 


Cond 2350 2450 2050 2230 2180 2300
l~o'I""' ) 
1600 1690 1465 1470 1410 1464 


H.rdn.... 14 16 10 11 10 


KCOl 1285 1287 


5 


1119 1111 1025 1231 


1 . 5 1.3 1.6 10.9 4.8 <1.0 


N,,/SAI< 545/14 565/14 510/ 85 500/54 4!J1l/ 80 590/86 

504 


1 . 5 2 . 5 2.0 5 .. 0 2 .0 2.8 


119 
 0 . 92 1,1 0.58 0 . 84 0.~9 0. 48 


K 2.5 
 1.5 2.2 2.0 2.0 2.0 

23 6 274 212 185 228 250
C1 
0 . 21 0 .45 0. 61 0 . 36 0.18 4 . 5 

Zn 
Fe 

11 . 6 0.065 
4.2 5 . 2 F 
1.8 2 . 3 8 
... 0.94 <0.10 

0.191 0 . 198 0.15 4 0.19 0.118 0.22 

cu <0 . 01 0.010 
0.065LI 
0.01 0. '087 
0.05 <0.02Pb 

Me 0.011 0 .01 
II i 0.020 
AI <0.01 <0.01 
eN <0 . 01 
Cd 0.013 <0. 005 
Cr 0 , 010 <0 . 005 
Se <0 .005 <0.005 
Cro•• Ipha/Preciaion 0.5/ 

(pCI/1) 11/6 5.7 
':ro•• &eca/Precision 

(pCl / lJ 23/21 0/42 

l'ield analyse•. 


2All valuet; in ppm unl ..liis otherwise indicated . 


Source: ~ard-Envicon. Inc., 1914 . 


CHEMICAL ANALYSES1 OF SELECTED WATER SAMPLES, LIGNITE AQUIFERS 

G77/320 ' Gal/72 . 3 ' G89/417, G91/68 . S' NACCOI NACC02
2 1/ ~/2a rameter well/ Depth WeU/ D.pth Well/Oe pth weU/llll p th 

Da t e 740101 740711 140112 140112 740119 740119 

ore.p ('C) 9 . 6 9.2 9 . 2 
pH (unl.ts) 8 . 48 7 . 05 . 7 . 48 7 . 15 8 . 26 6 . 5 2 
Color (units) 14 85 30 40 


rb (Jackaon W\lts) J . 25 J <25 J<2S J< 2S J<25 JSOO 

Cond (18ho,,/ca) 260 0 1600 1400 6500 2400 5200 

'I'DS 2030 1210 987 4800 1972 5051 

lI&ntn..... 51 472 25 809 551 1601 


1iC0 l 1251 783 788 1115 349 2" 

412 394 182 2420 1136 n05 


klSAI< 688/46 266/5 342/ 30 1390/22 426/8 800/9 

504 


,. 

C. 6 . 5 105 5.0 108 100 380 

Kq 6 . 5 49 3.1 115 81 161 


It 4.4 II 3.5 13 12 19 

Cl 105 2. 4 3.0 54 16 16 


6 . 4 4.1 0 .08 1.2 8.6 

Zn 0,32 0.057 0.23 0.012 0.20 


0.72 0.087 0 . 66 0.70 <0 , 1 
0 . 51 0 . 61 0,83 0.63 1 . 1 
0 · 4 6 0.46 0 . 40 0.61 <0 , 1 

0 . 297 <0.1 <0. 1 <0 . 1 <0.01 <0 . 01 

'Cu 0 . 088 0 .017 0.013 <0.01 0 . 049 
Ll 0. 05. 0.044 0.20 

0. 44 0 .27 0 . 039 0.017 O. ll 
Pb 0.061 <0 .02 0 . 05 3 0 . 02 0 . 03 2 

0.01 <0.01 0 . 01 <0.01 0 , 014 

<0.01 o.on 0 .078 ... <0.01 <0 .01 <0.01 <0 . 01 <0 .01 

at <0.01 0. 033 <0.01 
0.005 <0 . 005 0.009 0.006 0 . 009Cd 
0. 010 <0 . 0 0 5 0.006 <0 . 005 <0.005 

s. <0.005 <0.005 0 . 082 <0.005 <0.00 5 


Gros-a Alpha/Prec ision 6.1/ 8 . 0/ 

(pCl / l) 4.4 4 . 1 40/ 16 67/12 290/45 


Gro•• Deta/l' :cec i sion 6.8/ 215/69 68/21 280/120 

CFC-i/ 1) 14 . 2 0/13 275/ 69 6a/ 21 280/12.0 

~i8ld a nalyse. , 1/ Taken from mine pits at In di an Head 
2"U vat u • 1..0 p pat W11 • ..-. o thenu•• lndica ted. Mine, 

SOurCCl d-enV con, Inc .• 1914 . 

• 


• 


• 




• 


• 


CHEMICAL ANALYSES1 OF SELECTED WATER SAMPLES, LIGNITE AQUIFERS 

GO,/'36' G04/120 ' G09/IOO' G12/ 2~ ' GI S/ l ll ' GIG/140' G23/120' G2 5/HO' <:5 7/)]5 ' 
Wdl/Dep~ Well/ Depth Well/ ""pth "ell/Depth We ll / Depth Well/Dep th Well/Depth Well/Dep th We ll / Depth 

Date 740711 740718 740706 740710 740 629 7406 29 740629 740706 740622 
' ,..mp2 ("C) 6.9 12. 1 10.9 6.7 9 . 9 1l. 2 6 .3 

ph (units) 8. 45 7 .2.8 7.05 7.79 6,98 7.B 8 .7 7 7.37 
Color (units) 11 12 10 
Turb (Jack50n unit) J <2 5 J350 J<25 J320 JllS J 240 
cond 2 (~os/cD\) 2850 1225 1275 38 00 1190 1000 6 50 2as 
TD5 2200 1530 557 0 934 7 41 482 
Iiar 4 nc •• 231 660 1803 529 369 143 
HC03 2 827 594 652 109 3 590 56. 242 110 
504 lOaD 599 3010 256 14 2 123 
NajSAR 590/16 285 250/ 5 867/9 115/ 2 126/ 3 99/3 
Ca 49 85 400 87 73 24 
Mg 34 71 1 58 53 36 20 
K 8.6 9. 2 19 9.2 7.3 7 . 4 
Cl <36 8.8 15 5 .6 5 .6 

0.48 8. 9 0.88 10.1 7.4 10 .5 
Zn 13. 5 2 .2 0.48 0 . 42 
F 0 . 6 3 0.72 1.4 1.4 1.0 

0.92 0.79 1.0 0 . 71 0.55 0.45 
0.40 1.3 0.7 1.7 1.2 1.0 

<0.1 <0.1 <0.1 <0 . 1 0.12 0. 36 
Cu 0.0:27 0.49 0.15 0 .63 0.75 0.39 
Li 0.091 0.082 
!-In 0.056 1.6 0.060 0.36 0.23 0 . 16 
pb 0.039 0.39 0.055 0.12 0. 2 

<0 . 1 0.02 0.02 0. 0 25 <0.01 
IIi 0 . 0 18 0.041 

"" <0 .01 <0.01 <0.01 <0.01 <0 . 0 1 
CN <0 . 01 0 .0 2 1 <0 .01 0.018 <0 .01 0. 0 41 
Cd .0 . 007 0.005 0.00 8 0.025 0.017 <a.OD!. 

0 . 0 0 7 0.019 0 . 0 11 0. 0 19 
<0 ,005 <0.005 0. 0 0 5 <: 0 . 005 <0 .005 <0, 005 

GrO!l$ Alpha/Precision 
(pC l /l) 52/9 42/8 17 0/20 22/6 4/7 231 4 

Gr o •• Seta/precl.slon 
(pCi/l) 64 / 22 lS/15 145/40 13/14 14/13 14/2 

! .rle ld analY5e:!!l . 


2Ail v~lues in mg/l unless othcrw~ 5e l ndic ated. 


Source; Woodward-Env icon. Inc., 1974 . 

CHEMICAL ANALYSES1 OF SELECTED WATER SAMPLES, OUTWASH AQUIFER 

GOI / 229 Go~ /224 GOG/ 156 Cl0/ 15 5 GI7/~oo G2e/2 30 G60/225 C92 / 41 ....a n 
Well /Oe pth We l l/Depth We ll/Oepth w ll/OOpth Well / Ot!!lpth we ll /Dep th Well./ Depth well / Dept.h ~ CQfIlpoa it e 

D.l te 
2 

~~p (u~~~~) 
740718 

7.99 

740727 

7.82 

740710 
9.4 
7.66 

740727 
8.9 
7.42 

740710 
7.7 
7.75 

7407'27 
8.8 
7.99 

740618 
8.8 
7.35 

740620 
9.1 
7.18 

7. ()In2 
B. a 
7. 5 

704812 
9.2 
7 .4 5 

Colo [" (units) 15 5 5 35 29 65 
Turb (Jackson) 
Cond 2 ( lJl'\hoO$ /cm) 

J<25 
1080 310 

J140 
770 

J35 
1850 

JBOO 

750 460 
J .e2S 

a50 
J " :lS 
1100 

TOS 673 808 1410 1471 576 '>~o 746 
H.rcth ..... l ~09 302 568 ]68 302 28 3 )]5 
He°3 79 3 178 691 1030 527 421 30S 5 39 66 1 
SO. 6.4 lJ6 79. :! 5.6 9 5.6 149 
Na/5AR 180/5 19.8/ 150/ 4 289/ 5 43 / 0.8 59/2 85/ 2 ISil/4 
<:a 31 74 153 148 51 76 
Mg 56 48 20 J7 03 
K 9.7 11.2 C. 7 5.1 4. 8 5.8 
CI 5.6 9.6 2 • • 6.4 6.8 11 <36 5. 6 lJ 

15 9. J 51 1. 5 0 . 6 6 7.1 
Zn 1.6 0.097 18.5 0.055 0.24 0.045 
J' 0.80 0.87 0.84 0.76 0. 30 0.45 
B 0.53 0.77 0.40 0.66 0 .19 

0.46 1.6 0.50 2.9 <0 .1 .en .l 
<0.01 0.01 <0. 1 2.23 0.33 0.02 

Cu 0.082 <0. 01:2 <0.01 0.033 0 .0 37 
Ll 0.061 
!-In 0.059 0.79 0.b9 2.5 0 , 0 55 0.12 
pb 0. 02 0.0]5 0.0]1 < O ~02 O. O~2 

<0.01 ':0.1 O. Oil 0.01 0.01 
Hi 0.02 
As ti O .Ol o 01 0.026 <0.01 0 .01 <':0. 01 
eN 0. 18 <0 .01 "' 0 .01 0.037 0.046 
Cd <0 . 005 0.005 <0.005 0.006 <0 .005 <0.005 a.oe" 
Cr .eO. 0 05 0.02 '-·0 .005 O. 030 <0 . 0,)5 <0.005 <0.005 
S. 
G.r~ 5S. Aiph..l/ Prccl s lon 

<0. 00 5 <0.005 <0.005 <0.005 <0.005 <0.005 <:0.005 
0.7/ 

(pC l /l) 0/1. 6 1/2.2 26/6 1.9/2.6 0.5/1. 5 0/2.6 2.6 
Gral. Beta/P recision 

(pC1 /1 ) 4/13 18/13 29/ 15 O/Il 0/11 0/20 0 /20 

• 

1F l eld analyses. 


2" 11 4 j.u@s in mg/1 unl e s s otherwise ir"!di ca too. 


Source: Woodward-Envieon. Inc., 1974 • 
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CHEMIICAL ANALYSES1 OF SELECTED MISCELLANEOUS WATER SAMPLES 

GI9/23.6 G29/15.8 G30 G61/CO G96/28 G98 Gll 23 .8 03 4 62 .5 GSS 18 . 3 


0113 o\1./0w4 all sa 5 011 98 A.L &L 

lIa ll/Depth .... ll /Depth lieU/Dep t h "tll/Depth 11/ 0epth lIe.l l/Depth lllDepth lIell /Depth lie ll/Depth 


~~~~~~ ~~~ 

Dote 740622 740610 7 40620 7406 22 740621 740710 740629 740727 740621 

-r-p ·C) 6 . 9 U .7 10 . 6 6 . 7 8. 3 7 . 7 8 . 9 8. 7 

pH 7.03 7.46 7.55 1.01 7.27 7.C 7.48 1 . 77 7.56 


Co b r (unlto) 

TUrb (Jaclt.-lon units) J <.2 S J800 

Con.! (1JIIho./oo) 1800 J650 1150 1150 1650 1900 590 820 600 

'!'Os 3178 902 3280 491 496 


Ha.rdne.u 1686 237 172 350 288 


HC03 618 755 553 586 605 471 


5°4 
 894 156 630 83.2 39 .2 


Ha/SAR 239/ 3 2el/7 393/13 26/0 .6 79/2 


Ca 205 48 43 90 102 


Hq 249 22 18 32 ~ 9 


K 6 . 1 5 .1 6 . 6 8 . 7 


cl <36 19 2 6 .0 29 8.8 2 . 0 16 <36 


Fc O. ll 3.1 3.4 2 ~. a 59 


%n 0 . 44 2. 0 

0 . 11 12 . ~ 


0.53 1l . 5 


aa 0.20 3 .2 

p 0 . 054 0 . 0 11 "'-0.1 0 .23 O.S! J 


Cu 0.011 2.5 

Li 


"" 0.2 5 0. 66 

Pb 0. 028 0 . 2 J 

<0. 0 1 0 . 016 

1IJI .c O. 0 1 <0 .0 1 
CN <0 . 0 1 <0 . 0 1 

Cd 0.005 0 . 6 4 
Cr <0 .005 0. 0 45 

k <0. 005 <O . O ll~ 

Cro,:s A.l h&/Precision 7 . 4/ 
(pCi/l) 3.9 5)/7 

Gro•• aeu /Prec is l.on 17115 46/ ll 
(pC l /l) 

l "leld &nalv.e•. 

lAll value. i n ppm u n l .. o t.herwise indicated . 

lOUlW...h. 

4" Uuv lua o r o u tw••h . 

Ss.n tine l Bu t tf!'. 

SQ\Uc. : Woodward-£nvi con . Inc., 1974. 

CHEMICAL ANALYSES1 OF SELECTED WATER SAMPLES FROM SPRINGS 

FOI F02 F03 F05
2
Pa-r_ter ~ ~ ~ ~ ~ 

Dot. 740f.21 7 40622 1 40702 7 406 22 740710 

-r-p ('C) 8 . 9 8 .0 8.8 8.3 9.0 

pi! (Wl.it.. ) 7.] 5 7.05 6.67 6 .05 7.77 

COlor (unita) 11 47 45 

TUrb (Jad,.on unit.) J<25 J<2 5 J <25 

Cot\d (1IMo./ao ) 2250 2150 1250 950 1180 

TDS 1600 19]0 808 987 880 

h.-cine.. III ]50 ]6] 634 468 

HCO] 771 821 414 119 508 


SOC 
 96C 795 ]29 494 ll5 
Ma/SAR 473/1 9 505/12 158/ C 27/ 0.5 107/2 

ca 18 5& 7] lOS 113 

iIq 17 C5 35 6] 49 

Ie 6.7 8.9 6.5 4.6 8.6 
CI 2.6 4.8 0.8 5.6 
r. 0.14 0.17 S.O 11 0.41 
Zn 0.010 0.22 0.10 

0.9 0 .7 0 .]] 


0.e7 0.76 0.48 

0.46 0. 46 '0 .62 


<0.1 <0.1 <0 .1 0.047 0.029 

CU 0.01 <0 .01 0.015 

Li 0.062 

Mn 0.0]] 0 . 014 0 . 11 

Pb 0 . 046 0 . 059 0.0]8 
110 <0.01 <0. 01 <0.01 
HI 0 . 011 
.... <0.01 0 . 01 <0.01 

eN <0.01 <0.01 <0.01 

Cd <0.005 0.006 <0.005 

Cr <0.005 <0.005 <0.005 


<0.005 <0.005 <0.005 

Gro•• Alph&/Preci aion 


(pCl/l) 49/ 7 94/9 62/8 

GrOUI Bet:a/preciaion 


(pC / 1) 50/ 21 10]/ 16 102/ 14 


I F1• 14 _ l y .... 

2"1 1 valu.. in ~ unl• •• otherwise indicated. 

Source: Woo4va.rd-Envl.con , Inc • • 197C. 
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SUMMARY OF INTERVAL SAMPLE STRATA - DRILL HOLES TH-1, TH-2, TH-3. 

TH-4, TH-5. TH-6, TH-7A AND TH-8 


Sample Del:!thl ft 
From~ ~ 

Drill Hole TH-l 

1.0 9.0 

9.0 33.0 

33.0 4a.0 

4 4a.0 53.0 

53.0 69.0 

69.0 74.0 

74.0 a2.0 

a2. 0 97.3 

97.3 9a. a 

10 9a. a 103.0 

11 103.0 loa. 5 

12 10B.5 126.5 

13 126.5 137.0 

14 137.0 149.3 

DrUl Hole TH-2 

• 
15 1.5 B.O 

16 B.O 15.0 

17 15.0 23.0 

la 23.0 31.5 

19 31.5 4B.0 

20 4B.0 62. 0 

21 62. 0 71.5 

Drill Hole TH-3 

22 5.0 2a.0 

23 2a.0 63.0 

Drill Hole TH-4 

24 B.O 33.0 

Drill Hole TH -5 

25 4.0 20.0 

Drill Hole TH-6 

26 3.5 10.0 

27 10.0 19.0 

2a 19.0 22. 0 

Drill Hole TH - 7A 

29 1.0 40.0 

Drill Hole TH-B 

30 4.0 15.0 

DUFription 

SUta, aands, and claya, aome concretion fragmenta. 


Sands and claya, interbedded and interg~aded. 


Sanda, claya, and silt., interbedded and intergraded. 


Clayatone with a hard lignite layer. 


Claystone with aome coal atringers and thin sandstone layers. 


Claystone with Ugnlte layers and carbonaceoua atringera. 


Sandatone and clay.tone, interbedded and intergraded, hard I-it limeatone layer removed. 


Claystone and aandatone, interbedded and intergraded. 


Sandatone, well cemented, hard, very fine grained. 


Sandstone a, some clay, aome Ugnite atringera. 


Sandstone and clayatone, Ugnite layer at top and coal layer at bottom of interval. 


Sandatonea, aUty and argillaceou., aome very hard and cemented. 


Sandatone and clayatone, interbedded and intergraded. 


Clay.tone with thin lenticular aandatone layera. 


Clay, aome pebble a and concretion fragmenta. 


Clay. 


Clayatone. 


Clayatone, grey, with aUt, aand, and lignite. 


Sandatone and claystone. 


Clayatone and aandatone, interbedded and intergraded. aome thin hard limeatone layer•• 


Clayatone, aome .anda and layer. of Ugnite. 


Clay, with aome aggregatea, pebblea, ~an<Land aUt. 


Clay, some silt and aand. 


Clay, .ilty, sandy, and with gravel and crystalUzed aggregate •• 


Sands and clay, lome silt and gravel. 


Clay, .Uty, aandy, with some gravel. 


Claystone. 


Sanda and ailt. very fine grained, uniform texture. loose. 


Clay and silt, some aand and gravel. 


Clay, ailty. with lome gravel. 


Sour.ce: Colorado School of Mines Research Institute, 1974 . 
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CHEMICAL ANALYSIS DATA· DRILL HOLES TH·1, TH·2, TH·3, TH-4, TH·5, 

TH-8, TH·7 A, AND TH-8 
J 

Soluble Salt. 
pH Extract Sodium Sodium Cation Exchanleable 

pH O.OIM CaCll ConductiYlty Water NIl. Acetate Exc:h&nae Sodium 
Sample Depth, It Wate r Solution mUlimho./cm Soluble I J) Soluble Capacity ~ercentale 

~ ~~ -1!L -1!L -llL121 milliequivalent. I 100 « (4) 

Drill Hole m· 1 

1.0 9.0 7.7 7.6 O. zj 1.1 O. 15 0.54 Z6.8 1.5 

9.0 33.0 7. '7 7.4 0.96 5.9 O. ZO o.n 19.1 Z.2 

33.0 48.0 7.9 7.2 0.23 1.4 O. ZO 0.52 17 • .- 1.8 

48.0 53.0 6.7 6.7 0.48 1.8 0.31 0.80 49.5 1.0 

53.0 69.0 8. Z 7. 4 0.45 1.2 0.76 Z. 30 lO.4 5. I 

69.0 74.0 7.7 7.0 i.oo 2.0 1.95 5.90 :n.3 9.3 

74.0 82.0 Ii. 8 7.8 0.18 1.6 1.61 6.55 26. 5 18.6 

82.0 97.3 9.0 8.4 0.80 1. Z 1.78 9.98 31.0 Z6.5 

97.3 98.8 9.4 8. Z 0.55 Z. 1 1.13 5.29 13.7 30.4 


10 98.8 103.0 9.3 8.5 0.95 1.6 1.95 10.2 29.9 27.6 


11 103.0 108.5 7.4 6.8 0.95 Z.O Z. 07 ll.5 66.2 14.2 


12 108.5 126.5 9.1 8.4 0.95 1.5 Z. 00 10.6 30.8 27. ') 


13 i26.5 137.0 8.8 8.5 0.95 1.2 1.93 Z. 99 32. 6 3.3 


14 137.0 149. l 9.0 8.6 0.90 1. Z 1.86 Ii.. 8 Z3.4 46.8 


Drill H ole m.2 

15 1.5 8.0 8.3 7.6 Z.30 6.4 2.56 3.86 39.7 3.3 

16 8.0 15.0 8.4 7.8 1. Z8 Z.4 2.34 6. Z5 39.0 10.0 


17 15.0 23.0 8.5 7.7 0.55 1.1 1.04 3.45 36.5 6.6 


18 Z3.0 31.5 6.8 6.4 1.45 2.9 2.73 5.47 69.0 4.0 


19 31.5 48.0 8.8 7.7 0.75 1.2 1.43 7.81 2l.9 '106.7 
 •
20 48.0 6Z.0 9.1 8.4 0.93 1. I 1.91 13.9 l2. 1 37.4 


21 62. 0 71.5 8.4 7.6 1.20 1.6 Z. 65 3.47 47.7 1.7 


Drill Hole TH·3 


Z2 5.0 28.0 7.8 7.6 3.00 9.7 0.89 1.00 27.8 0.4 


i3 28.0 63.0 7.7 7.5 1.10 3.5 0.51 1.00 31.5 1.6 

Drill Hole TII-4 

8.0 33.0 7.8 7.7 4.10 12.5 3.34 3.65 30.8 1.0 

Drill Hole TH-5 


Z5 4.0 ZO.O 7.4 3,77 13.9 1.02 1.2Z 0.9 


Drill Hole TH-6 

26 3.5 10.0 7.9 1.8 2. 30 6.6 1.0Z 1.39 34.3 1.1 


Z7 10.0 19.0 7.4 ' 3.80 9.9 0.89 I . Z2 31.0 
 1.1 


Z8 19.0 Z2.0 5.6 5. Z 1. 45 6.3 0. 3Z 0.42 8.68 I. Z 


Drill Hole TH- 7A 


Z9 1.0 40.0 7.7 7.3 1.45 4.8 0.49 0.95 Z7. 1 1.7 


Drill Hole m.8 

30 4.0 15. El 8.1 7.8 Z. 15 5.7 3.30 3.82 3Z. 6 1.6 

(Continues) 
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Phosphorua Boron 
Potaaaium NaHCO, Organic DTPA Extractable Water 

Sample Depth. Ct AvaUable Soluble Nitrate Ammolll.um Matte r Cu Fe Mn Zn Soluble 
ppm ppm~ ~~ ~ ...H!!!.... ...l!E!.... J!E!.. J!E!.. ~ ~- -""

Drill Hole TH- 1 

1.0 9.0 360 0.6 4.0 5. I 7.2 108 36.6 3.8 1.1 

9.0 33.0 265 33.0 3.3 4.7 5.1 94 44.8 2.6 < 1.0 

33.0 48.0 275 22.0 2.3 ,,6 1.8 104 37.2 2.4 <1.0 

48.0 53.0 395 3.3 3.3 12 >8.0 4.0 140 36. 0 6.6 3. 2 

53.0 69.0 525 8.8 1.5 18 4.1 6.6 148 16.0 5.6 <1. 0 

69.0 74.0 640 4.4 5.3 17 >8.0 7.8 126 11.2 7.2 3.4 

74.0 82.0 605 1.0 4.5 18 3.6 6.0 188 23.6 5.2 1.3 

8" 0 97. 3 680 1.0 ,,5 17 4.3 8.6 138 12.8 6.6 1. 9 

97.3 98.8 310 1" 0 2.0 15 2.1 3.8 152 28.0 ,,4 <1.0 

10 98.8 103.0 595 4.0 ,,8 21 3.0 7.2 118 8.0 5.4 < 1.0 

11 103.0 108.5 42.5 0.6 1.0 15 >8.0 4.4 152 28.8 4.8 5.0 

12 108.5 126.5 540 6.0 3.8 15 ,,6 4.2 126 12.0 4.4 7.8 

13 126. 5 137.0 180 1.8 1.8 22 3.3 8.4 146 14.0 7.6 3.6 

14 137.0 149.3 740 0.6 1.3 31 3. 8 4.8 162 10.0 7.6 3.8 

Drill Hole TH-Z 

15 1.5 8.0 300 14.4 < 1. 0 1.0 5.4 206 76.4 Z.4 < I. 0 

16 8.0 15.0 575 3.0 1.8 2.4 4.2 138 26.4 0.8 < I. 0 

,,017 15.0 23.0 285 1.0 2.0 6.2 116 40.8 1.2 < 1. 0 

18 23.0 31.5 520 1.0 2.3 21 >8.0 7.2 344 54.8 5.2 3.6 

19 31.5 48.0 565 0.6 1.5 13 4.6 156 11.6 3.0 1.3
" 1 

20 48.0 6" 0 720 6.0 5.5 2.4 2.5 14.8 228 18.0 6.2 1.9 

21 6" 0 71.5 185 7.6 5.0 23 >8.0 10.8 174 16.0 7.0 6.2 

Drill Hole TH-3 

22 5.0 28.0 440 1.0 2.0 II 1.5 5.2 178 98.0 1.6 <1.0 

23 28.0 63.0 700 7.2 3.8 25 2.8 7.6 260 45.6 3.6 < 1.0 

DrUl Hole TH-4 

24 8.0 33.0 395 10.0 5.0 12 1.8 5.0 150 48.4 1.0 < 1.0 

Drill Hole TH-5 

25 4.0 20.0 420 4.4 1.3 1.0 Z.6 162 55.6 1.0 <1.0 

Drill Hole TH- 6 

26 3.5 10.0 300 3.0 < 1.0 0.8 3.6 136 43.6 0.6 < 1.0 

27 10.0 19.0 470 0.6 25.0 1.4 7.6 94 2.4.4 0.6 < 1.0 

28 19.0 22.0 ISS 3.6 7.8 21 0.6 2.2 244 3.2 3.0 < I. 0 

Drill Hole TH-7A 

29 1.0 40.0 405 11.8 23.8 0.5 3.4 178 83.6 0.8 <1.0 

Drill Hole TH-8 

30 4.0 15.0 460 6.0 17.0 0.5 4.2 162 55.2 1.0 <1.0 

(Continues) 
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http:Ammolll.um


/ 
Cadmium Fluoride 

Sample Depth, It Total Total 

~ ~ .-!L ~ ~ 

Drill Hole nt-I 

1.0 9.0 

9.0 	 33.0 

33.0 4S.0 

48.0 53.0 

53.0 69.0 

69.0 74.0 

74.0 S1.. 0 

81.. 0 97.3 

97.'3 98.8 

10 98.8 103.0 

11 103.0 lOS. 5 

IZ lOS. 5 126.5 

13 126.5 137.0 

14 137.0 149.3 

Drill Hole nt-2 

15 1.5 S.O 

16 8.0 15.0 

17 15.0 23.0 

18 23.0 31.5 

19 3L 5 4S.0 

ZO 4S.0 61.. 0 

ZI 61.. 0 71.5 

Drill Hole TH-3 

ZZ 5.0 1.S.0 

Z3 2S.0 63.0 

Drill Hole TH-4 

S.O 33.0 

DrW Hole nt-5 

Z5 	 4.0 1.0.0 

Drill Hole TH-6 

1.6 3.5 10.0 

1.7 10.0 19.0 

1.S 	 19.0 21.. 0 

Drill Hole TH-7A 

1.9 	 1.0 40.0 

Drill Hole TH-8 

30 4.0 15.0 

• 
Lead 	 Mere"ry Nickel 

Total Total Total Radioactivity 
(51~~ ...RE!?l. 

0.04 

0.03 

0. 02 

0.02 

0.03 

O.OZ 

0.03 

O.OZ 

0.02 

0.03 

0.04 

0.03 

O.OZ 

0.03 

0.04 

0.03 

0.01 

0.02 

0.04 

0.03 

0 • .03 

0.03 

0.03 

O.OZ 

0.02 

0.03 

0.03 

0.04 

0.03 

0.03 

26 0.33 

27 0.58 

27 0.53 

50 0.42 

31 0.13 

37 O. 17 

34 0.52 

42 0.50 

16 0.41 

30 0.1.8 

15 0.40 

Z5 O. SO 

42 0.62 

35 0.57 

27 0.46 

34 0.44 

35 0.39 

30 0.45 

Z9 0.75 

35 0.62 

35 0.62 

M 0.46 

26 0.73 

29 0.61 

Z6 0.51. 

26 0.61 

35 0.70 

4 0.52 

Z6 0.53 

30 0.17 

<2 

<z 

<Z 

<2 

<2 

10 

<2 

<Z 

<Z 

<Z 

<Z 

10 

<Z 

<1. 

<2 

<z 

<2 

<Z 

0.20 

0.15 

O. 15 

0.25 

0.30 

0.40 

0.40 

0.45 

a. 10 

0.35 

0.35 

0.30 

0.50 

0.40 

O. ZO 

0.40 

0.45 

0.35 

O. Z5 

0.45 

0.50 

O. Z5 

0.30 

0.35 

O. Z5 

0.30 

0.45 

0.05 

0.25 

0.35 

220 

160 

1511 

MO 

350 

330 

260 

310 

130 

Z50 

180 

100 

410 

310 

Z60 

230 

290 

180 

170 

150 

370 

250 

320 

ZIO 

170 

150 

Z80 

80 

Z10 

290 

1Z 

12 

14 

ZI 

16 

11 

16 

14 

13 

14 

17 

15 

17 

11 

lZ 

13 

10 

11 

14 

11 

14 

0.035 

0.040 

0.050 

0.075 

0.075 

0.140 

0.070 

0.100 

0.045 

O. bso 

0.130 

0.065 

0.100 

0.100 

0.040 

0.080 

0.OS5 

O.IZO 

0.045 

0.065 

0.120 

0.050 

0.060 

0.050 

0.050 

0.060 

0.070 

0.090 

0.050 

0.065 

<1 

<1 

< I 

<1 

<I 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<I 

<1 

<I 

<1 

<1 

1/ Sample to extract ratio : 1 to 2 
1./ Sample to extract ratto: I to 5
JJ E.timated conductivity for a saturation extract; ba.is, I to 2 ratio conductivity a nd 1/3 bar water - holdiAg capacity data 

4 / Calculated from the equation : exchangeable .odium percentage = (lOO)(Na, amm~ni~ ace~e .oluble ~~' wate r .oluble) 
- ca on exc . nge capac 

5/ Ratio oC .aJTlple activity to activity oC a quartz m onxonite .t.andard (Luciu.- PUkin Company) containinl 6 ppm U, 22 ppm 'nt, aDd 
- 3. 2~ K. 

Source: Colorado School of Mines Research Institute, 1974. 
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Plant Species
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PLANT SPECIES PRESENT IN THE AREA OF THE PROPOSED COAL 


GASIFICATION FACILITY SITE IN MERCER COUNTY, NORTH DAKOTA 


COllDOn Name 

Absinth 

Alf.lf. 

Al,wuoot 

AnelDOne I Canada 

Arrow8 r • as 

Arrowhead 

Artichoke, Jerua.alum 

Ash, green 

Aspen. quaking 

Aster, sro.. tic 


Aster. golden 

Aster, roah 

Aster, tall whit,, ' 

Aster, white pralrie 

Aster I white upland 


Barley 

Barley, wild 

Bearberry 

Beard tongue, slender 

Beard tongue , white 


IBedatraw, northern 
Becgamont. wild 
Bindweed, field 
Bluebell 
Bluegrass, fowl 

IBluearass, Kentucky 

Bluegr•••• plains 

Blu~8r••8. swallen 

Bluegra88, Sandberg 

8Iue8cea, b 18 


Bluestem. little 

Boneset I falae 

Box-elder 

Breadroot I indian 

Brome, smooth 

BroolllWeed 
Buckwheat. wild 
Buf f aloberry 
8uffalograss 
Bulrush. hardstem 

Bulrush, prairie 
Bulrush. river 
Bulrush, !loftsteftl 
Burni ngbush 
Burreed 

Buttercup, marsh 
Cacti 
Candelabra, fair y 
Csragana 
Carrion-flower 

Catafoot 
Cattail. broad-leaved 
Cattail. narrow-leaved 
Cedar, creeping 
Cherry, choke 

Cherry, ground 
Cherry, Nanking 
Cherry. land 
Chickweed, prairie 
Cinquefoil, Pennsylvan i a 

Cinquefoil. rough 
Cinquefoil. silverweed 
Cinquefoil, tall 
Clover. owl 
Clover, purple prairie 

Clover, sweet 
CollOOlI. 
Coneflower. lon&-headed 
Coneflover, purple 
Cordgrass, alkali 

Cordgr.J8s, prairie 
Corn 
Cottonwood 
Crab, Siberian 
Creeper, Virlinia 

Currant f golden 
Currant, wild black 
Dock. curled 
Dock, golden 
Dock. willow-leaved 

Dolbene. apreadina 
Dro~eed. pralrie 
Dropeeed I ...nd 
Drop••ed, tall 
~lder, ..rah 

Life Reaponse1
Scientific Naae ~~~~ 

Artemisia abSinthium H~lf-.hrub 

~~sativa Cultivated legume 
Heuchera ric hard son!i 
~c.anadonsis 
Triglochin u ritim.a 

Sagg1tari8 ~ Emergent aquatic 
Heli.nthus tuber osua 
Fr.xinus pe~ca Tree 
Po pulus tre.uloidea Tree 
Ast e r obl ong!fol ius 

Chryso'psis villosa 

~ luneiforllte 

Aster coerulesc e ns 

Aster er icoides 

Aster~des 

Hordeum vulgare Crop spec. ies 

Hor de u. lubatUID IV Hid- gr••• 

Arc t oa taphy los uva-'ursi Trailing ~hrub 


Penstemon gracil ta 

PenstelDOn albidlu8 


IV lUd-grasa 

Poa pratensis IV Hld-gra.. 

Poa ar i da HId-graas 

Poa glauc ifo lta Hid-grass 

Poa secunda Short~gra8s 


Andropogon 1!!2..~ Tall-graas 


Andropogon scopar ius Mid-grase 
Kuhnia eupat o rio ides 
Acer nesundo Tree 
Psorale.a esculent. LegWle 
8romis inends IV Hay grass 

Cutierrezia sarothrae ltaU-Ihrub 
Polygonum c onvolvulus IV 
Shepherd i4i argentea High shrub 
Buehloe dactyloides Short-gra... 
Sc i rpus acutus Emergent aquat ic 

Scirpus paludosus 
Sc i rpus fluvlattlta o Emergent aquat ic 
Scirpua ~ o £mergent aquat ie 
Kochia scaparla IV 
Spar-ganiul:I eurycarpull Emergent aquatic 

Ranunculus sept e ntrio na li. 
Mamillarla sp. and Opunt!a sp . 
Andresace occ identalis 
Caragana arborescens High shrub 
Smilax herbacea 

Antennaria sp . 
~ latHolla Emergen t aqua t i c 
~ anaustifolia Emergent aquatic 
Juniperus horizontali. Trailing shrub 
Pru'nu8 virginiana High shrub 

Tree 
Low ahrub 

Potent ilIa norveg ic a IV 
Po tentilla anserina 
Potentillaargut. 
Orthecarpus luteus 
Pet.I08tellum purpureum Legume 

CuI tivated legume 
IV 
IV 

Hid-grasa 

Spartina pectinata Tall-graas 
Crop spec les 

Populus de l t o ides Tree 
Malua bacc,ita Tree 
p;;(he~s inserta Vine 

!!.!.!!l.!. 

Ribes odoratum Low shrub 
R1.bes ~anum Low shrub 
Ruatex c f_ispus 
RUDex persicartoidell 
Rumex mexicaous 

Apocynum androaae.tfoliUII 
Sporobolus heterolepis Hid-graas 
Sparoholus crypt.ndrus Hid-grsss 
Sporobolua .!..!..2.!!. Kid-graaa 
Ira unthifolia IV 

(continues) 
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LH. Response: 

C~OIl ~ame Scl.ntHlc 1f..... Lonaevlt7~ Orllln3 Fo rm4 Co.aents1 to Gr __z ingS 

/ 
Et.. , ~ric.n Ul-.u..... r icao. Tree 
£la. Ch Loe.e 01.... parvUoli. Tree 
Et.., SIbe r ian Ul.ull pu.l1a Tree 

-.Z riogonum. yello,", F.rlogonuCi flavU8 Half-shrub 
Fe.cue. six-veeu Festuc& octoflora IV Short-gras8 

Pl aJe, co.-on LlnWl U81tatl.st&lua Crop species 
Fl .x, Lewis' vlld Linu. 1eul111 
rl.ax, stlfflilte. Linua r1aidu. IV 

FI••bane. daisy Erigeron lip. 
r renchveed ThIsl pl !.!!!!!!!. IV 

Caur. eaura cocc:lnea 
Coat.beard, large Tragopo8on dubiu. B 
Goldenrod, early Solid880 . issourien.!. p. 

Goldenrod. 8t ant Solidago ~ 
Go ldenrod, 80ft So-!Id.go ""Uta 

Golden rod. stiff Solidago rlald. 
Go Id.ttnrod. tall Sollda,o .1ti •• I.. 
Cootebe rr), 1 H1880uri libee ai••ourlanse Lo,", shrub 
Cr_ . blu. Bouteloua Iraellis Short-@ras8 
Gr-... . elcle-oate Bouteled curtependula Mid-Irass 

Graes . indian Sorahaatru. nutena Tall-grass 
Porcupine. porcupine ~ apart•• Tall-grass 
Gras., vestern porcupine ~ spart e:.a (VIU .) Hid-grass 
C:-ed Gr indelia a qua rrolla IV 
HAwthorn. round-leaved Crataegue rotundifolia High shrub 

Hemp, indian Apocynua 8ibiricua 
Horieysuckle Lonicer••p. High shrub 
Ho r88t.ll , Kan..... [qui.et ...- unsanua Spor~-bear ing 
lndi,o, dwar f ..lld q,orpha .!!.!n!. Lov shrub 
IronV'eed, cut-leaved ~ apioul08u. 

Ivy, poieen Rhus radican. Lov Rhrub 
Jun e be rry Aaelanehier alni folIa High shrub 
JUl\egras• • pra lrt. Keeleria cri~ Hid-grass 
Jun 'i.per. Rocky Mountain Juniperus scopuloru. High il'h rub 
Juniper, traUlng Junlper-UII horizontal Is 'fr8it nS - hrub 

Kin (lhe ad "-bros la trifida 
Inotvw.ed Polyaoou.----;P-:-
La.ab I a- qua r tel' Chenopodiu. albua IV 
Leadp lant AIIorpha~ 0 Lov shrub, l~gume 

Lettuce. blue wild La r: t ue. pulchella 

Lettuce. prickly Lactuc. serriola 
Licorice. wUd Glycyrrhiza lepldot. Legume 
LU ac Syrlnaa vulsaris High shrub 
1.oeo , purple Oxytroeel ~ Legu.e 
Lupine. fal •• Thel'Wlpail rha.bifolia L ·gu.e 

Hall.,.,. red Sphaeraleea coccinea 
A.M: r i can Glycer-ia aran'd la Tall-grasa 

Me. dOWlr.... • ait Puccinelli. nuttallian. Mld-graas 
HI lkvl!'tch , sttlate Astralalua etriatus Legume 
Milkvetch f tufted Astralalu. triphyllu8 Legume 

Hannaar...• • 

Hll~wud , CQ1DOn Asclepia. s yriaca 
HI 1 k,veed, whorled Asclepia!l: verticil lata 
Hllkvor t . whit t Polnal. alba 
Hint, wU d "..mtha arvenais 
Muhly, _,a r a h K.uh lenbef"sia racelDOsa Hid-gra n 

Huhl'y. _ t Huhlenbe:rlia rlchar-daenle Short-grd . i' 
Huh ly, plains Huhlenberlla cuspidata Short-grass 
llus t.a rd. t a nsy De.cursinia sp . IV 
Needle-and- thread I Hid-gras s~~ 
Need legrass , green ~ vlrldula Hid-grass 

Oat. Avena .ativa Crop specI E'S 
Oat8~ apike Avena hooker i Mid-qriJss 
Oa ts , wUd Avena fat ua 
0 1.iv • • RU8s 1an Euony.us .DIU. tifoli. Hig_h shrub 
On io n . whit e: " li d Alliu. text He 

Os-1er . u d Cornu. atolonifera High shrub 
Pan Ic ... . WHeo:l PanicUII vllc:oxlanWl SHort-gra.!ts 
Parlley. wU d "",aloeon divar leatuta 
Pa r an.ip . -.adow lizi. aptera 
P4r an lp , vacer Sl W1 ~ 

P_qu.e-flover ~paten9 
Pennyroya.l. rough Hedeo_ hi5pida IV 
Peppergras. Lepidlu. den.ifloru. IV 
Phlox . .ass Phlox hoodU I 
Pt.n.e " ponderoaa P Inu8 ponderosa Tree 

Plantain , a l kal.1 Pi.ntalo erlopoda 
Plant.ln t PUf"sh'. Plantago purshU IV 
Plan t:aln , "at:~r Allsaa subcordahlll 'EEErgeot aquatic 
Pl u.~ Bround Astrau.1 ul caryoea rpus .LegUlae 
PI .... . wil d Prunus a*r ieana High Oh'rub 

Pond d. 8. go PotalDOleton pectinatus Sublllit rged aquatic 
PO'lt!rty wee:Q Iva .xlllar i8 
Pric: klypear. brittle Opuntia fUBUle 
Pr lckll'l'.... r Opuntia polycantha 
Prbaro,., t ootFt-leaved Oenothera serrulata Half shrub ~ 

IIvtll'liJ:l8 

qt.&cl<g~..s ~rep!n. I V Hid-gra.. 
labb l t b rusb Chryeothaanu. araveolen.l Low a hrub 

Ral"Ned. . ~renniaJ ~ coronapifoli3 

&ed t op Alro.t 1. alba IV Hld-Ir." 

Rlled- cmaryS' ••• Phalarl . arundi nac • D Tall-It... 


(can t: inues) 

• 


• 


• 
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Life Re s ponse 
Scientific Name l Longevity2 Origin) For.4 to Crazing 5 CollllDents 

ReediT••• , northern Ca1"'8r08tris inexpan&a Hid- g r ." 
Reedlr•••• plaina Calemagrostria lDOo t.ane.M is Short-gras,s 
Rivergrass Scoloch1oa festucac e a Tall-grass 
Rocltcreaa, HolboeH Arabis holb~ 
Rose, prairie wild Ro... arunaana Low shrub 

Roae. veatern wild/ Low shrub 
Ruoh, Baltic IV 
Sage, frlnsed I Half-~hrub 
Sage, Ireen 
Sage, white 

Sagebrush, silver Arte.iaia cana Low shrub 
Saltbush, haatate Atriplex ha.tata 
Saltgrasa Distichlis stricta Short-graaa 
Sandgra89, b 18 Cala.ovilfa longHoli. Tall-Ira s . 
Scratchgrass Huhlenbersia ..apel" if01i8 Short-gras, 

Seabllte Suaeda depres .... F IV 
Sedge I fescue Carex bl"evior • 0 
Sedge. long-beaked C£rex spl"en&rlii 
Sedge. needle....! Carex ele.charis 
Sedge, Pennsy l vania Carex~1ca 

Sedge, Sartwell Carex sal"tvelll1 

Sedge. slim Carex~es 

Sedge, slough Care.x atheredes 

Sedge, ••oothcone Carex laev iconic. 

Sedge, threadleaf Carex fit Uolia 


Sedge. wooly Carex lanu81n08a 
Silverberry ElaeagnuB al"genti. ILo'" shrub 
SlIver leaf Psoralia~ Legume 
Ske Ie tQnveed Lygodes.ia 1uncea 
Skunkbush Rhus tcilobata Low shrub 

Sloughgrass. Aaer ie80 Hid-gl"ass 
SlI8rtveed. long- rooted 
Sorrel. up r i sht IV 

y.llo...... od 
Sowthis tl e . s piny Sonchua ~ 
Spike.oss Selagiaelia dena. Spore be a r i 11~ 

Spikerush. co~n [leechr!. palust ri. 

Spikerush. needle Eleochria aclcularia 

Spurge Euphorbia -.p-.- 
Star. evening Mentzel!. decapetal. 

Star I narrow-leaved Liatr!. punctata 


blazing 


Stickseed Hackelia a_ricana 
Sunflower. co~n Hel ianth.us annuus IV 
Sunflower. narrow-leaved Heli.nthua (llaxirail ianl 
Sunflower. Rydberg I a Helianthus rydber&ii 
Sunflower, stiff . Helianthus riRidus 

Switchgras. Panicua viraatum Tall-grass 
Th reeavn. red Aristida lona1seta Short-grass 
Thistle. bull Clra!l1aI vulgare IV 
Thistle, prairie Ci raiu. undulatuCD I 
Ticklegrass Agroat is .cabra IV Short-grilss 

Toadflax. bastard 

Trefoil. prairie 
 IV Leguaae 

bird' .-foot 
Tumblegra98 Schedann81"dus paniculatus IV Short-grass 
Vervain. swamp Verbena hostata 
Vetch, American Viei. a_l"ic~na Legume 

Vetch, prairie Vicie 8parslfoli8 Legume 
Wallflo'IiI'er. western ErYSimum asperu. 
Wedgegra98. prairie Sphenopholls obtu•• ta Hid-l(ras5 
Wheat Triticuill aestivum Crop species 
W'heatgraa:a, bearded Alropr.r~ subsecundu. Hid-gr.55 

Wheatgrass. creasted Aaropyron crist.tUll Hay gr88s 
Wheatlrass. Montiiln. Alropyron alb lcan Hid-grass 
W'heatgra.s. slender Agropyron trllchycaulum Hid-gl"ati~ 

W'heatgra••• thick.pike Agropyron da.ystachy..., Hid-grass 
Whea tgrasB, wes tern A1roeyron ••ithU Hid-grass 

W'hitlowwort Paronychia ses8UiClora 
Wild-rye, Caoada ~ canadensis Tall-grass 
Wild-rye, Macoun [tv-us ucounl1 Hid-grass 
Wild-rye, Virginia Elpus virgin1ua Hid-grass 
Willow, golden Salix alba Var. viteillna Tree 

Willow, heart-leaved Sal ix cordata High shrub 
Willow. laurel-Ie.ved Sal ix pentandra Tree 
Willow, Hls80uri S.l ix .iaaouriensis Hilh shrub 
Willow. peach-leaved Saltx _Yldaloidis Tree 
Willow, pussy !.!!.!.! diacolor High shrub 

Willow, sandbar Salix interior High shrub 
Winterfat Eurotl~ Hal f-shrub 
Wolfberry ~i;;r;;;; occidentali. Low shrub 
Yarrow A_chUle. Ianulo.a 

1 According to Stevens (1963) 

2 A • Annual, ! - 81ennbtl, P • PeTenni.} 

3 " • Native, 1 • Introduced 

4 C _ Crass, S - Sedge (Crass-like). F • Forb, W • Woody 

S I - Increaser, D • Deereaser, IV - Invader; according to U.S.D.A. 5011 Conservation Service, 1957 (Unpublished). 

Ccapiled by: Woodward-Envlcon. Inc., 1914 . 
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• 
BOTANICAL COMPOSITION (PERCENT!) OF FENCEROW PLANT COMMUNITIES 

AS DETERMINED BY THE PACE-POINT METHOD
/ 

Sample Number 
Species 1 2 3 4 5 6 7 8 9 Average 


Introduced Grasses 

Smooth brome 87 55 11 69 T 25 1 14 3 29 

Kentucky bluegrass 4 11 1 3 60 22 44 56 10 23 

Crested wheatgrass T 15 4 45 1 7 


Total 91 66+ 12 87 64+ 92 46 70 13 60 


Native Perennial Grasses 

Western wheatgrass 1 9 14 6 24 13 18 9 

Slender wheatgrass 6 1 T 1 6 2 

Green needlegrass 1 6 1 3 1 

Prairie junegrass 9 1 

Wild barley 4 T 


Blue grama 3 T •Need1e-and-thread 2 T 


Total 12 11 29+ 6 31+ 14 27+ 14 


Sedges 


Pennsylvania sedge 1 2 T 4 1 

Smoothcone sedge T 1 T T 


Total 1 T 1 2 T 4 1 


Perennial Forbs and Half-shrubs 


Alfalfa 1 12 1 T 1 

Field Bindweed 4 1 1 T 1 1 1 

Long-rooted smartweed 3 T 

Jerusa1um artichoke 1 T T 

Prairie vetch T 1 T 


Total 6 14+ 3 4+ 2+ T T 1+ 3+ 3 


• 
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SamE1e Ntnnber 
cie 1 2 3 4 5 6 7 8 9 Average

!l 

Annuals and Biennials 

Burningbush 3 1 37 10 3 6 7 
Wild oat 16 2 1 8 3 
l-Ti1d buckwheat 2 T 1 2 16 2 
Tansy mustard 1 4 3 5 2 2 
Spiny sowthist1e 1 T 1 1 T 1 9 1 
Kinghead 1 T 7 1 
Large goatsbeard 1 1 1 T .2 1 
Frenchweed 1 T 7 1 
Lamb's quarter 1 T 3 T 
Co11omia 1 1 T 

Total 5 3+ 66+ 1+ 2+ -- 17+ 26 48+ 19 

Woody Plants 

• 
Wo1fberry 1 2 T 
Prairie wild rose T T T 

Total 1 T 2 T T 

1 Percentages less than 1.0 are listed as trace (T). 

Source: Woodward-Envicon, Inc., 1974 
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PLA NT COMMUNITY COMPOSITION 
OF SUBI RRI GATED RANGE SITE •

PLANT COMMUNITY COMPOSITION OF A SALINE 

LOWLAN D RANGE SITE' IN A MODERATELY WE LL 


DRAINED AREA 


Es ti lllAt d Percent 

species By We ight 2 


Wes~e~' n whe a t ijra.8 6 0 

Swa llen blu g raslI 
 20 


Per~nr.ial Forbs 


Gumweed 

I'd nged sage 


Annu 1 a nd Biennial I' r bs 

Pove~ y weed 15 
LlIrqe qoa t sbea rd 1 

Misc e l lanea s 


Brittle prickly pea r 


lHarr iet c lay . 

2Extent of this range site was insufficient for s"mplinq. 

Source: Woodward-Envicon. Inc. I Analysi~, 1974. 

• 
PLANT COMMUNITY COMPOSITION OF A SALINE LOW· 

LAND RANGE SITE' IN A POORL Y DRAINED AREA 

Species 

Sa l t lIleadowgraas 25
SaltgrasB 20 
Western wheatqras9 10
Wild barley ("Foxtail") 10 
Swaller. blueqra., 5 


tiedqes 


"rairie bulrush 

COll1lllOn spikerush 


Annual Forbs 


"astate saltbush 
 20
Knotweed 3
Peppergrass I
Pursh I 5 plantain 1 

IHarriet clay. 

2Extent of this range site was insufficient for samp l i ng . 


3percentage le99 than 1. 0 are l iste.d AS trAce (T). 


Source: Woodward-Envicon, Inc. Ana lyses, 1974. 


•
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S-ccenn l4ti 1 Forb. 

car, row- l eaved a un ! Ller 
..:an..on .11kw-e.&d 
Wat..e r pac.ni p 
"h I t e pra i rie aat.. , 
Who r led nit )tweed 
Wi ld bergaJAO t 

Annual Porbs 

Pc lcatl lettu.c~ 

I-h ace.llAlleaua 

X.anus hor~et.a. 1 

are listed as trace (T) . 

Inc . , Ana ly.sls . 1974 . 

35 
) 0 

20 
5 
3 
2 

,. 

l I ncl us On in -Aaor-Wern6r 10...• mapping unit. 


1"ElCtent of t bi. range !lite 'W1I . insufficient for sampling. 


lpercentaqes less than 1 . 0 

Source; 'lIfbod",a rd-!nvlcon, 

BOTANICAL COMPOSITION (PERCENT') OF THE 
OVERFLOW RANGE SITE PLANT COMMUNITY AS 

DETERMiNED BY THE PACE·POINT METHOD 

Spec es 

Bi9 b l uest"'" 

Porcupin~ gras, 

Ke ntucky b lueqraslI 


%sh ,"uh ly 

Bearded whea t q r ass 


Powl b lue r ass 

C nada wl1d - r ye 

Gre n nee,Ueq ~as s 


Pr a ir ie o%dgra ss 

Pr aioe j ne grass 


HJi t muh l y 
Tickleg~a~s 
Well tarn whe t q r ass 

" ..nnsylva ni a 9 clg 

Fescue tedge 

SlIOOthcone .cdqe 


Per e "n..a l Forb s 

Pra i rie t histle 

Wild betgllDlO t 

Yar row 

Ca nada a n IIIOne 

Northe r n bed"tr llw 


Sk l e tonveed 

So ft go lden ~od 


WII ite sage 

II lue ,.H I d l et tuce 

Ground cherry 

Pralr i e c h ickweed 

SHU sunflower 

Tall goldenrod 


Annual Forbs 

qpr igh~ yellow wood o r rel 
Spurge 

Woody Pian t.s 

Wol!berry 
Pralri .. wil cose 

"'hcel! neoUt! 

l< an s a5 ho~sel:ail 

33 
12 

6 

T 

26 
T 

T 
T 

T 

T 

5] 
2 
7 
7 
2 

4) 

7 
6 .5 
] .5 
2 .0 

2.0 
0.5 
0.5 
0.5 
0.5 

16. 5 
2.5+ 
1. 5 

1. 5 
1. 5 
1.0 
0. 5 
0 . 5 

().5 
0. 5 
0 . 5 
T 
T 

0. 5 

1.5 
0 . 5 

1.0 

l perCl!ntagel 1.... I:h .. n 1. 0 re lis t e d as trace (T). 

2lnclltl i o n in "Channeled Straw nd Korchea Soil"" mapping 
unit; allara'le o f th r ee tran sec ts. 

lIncluaion 1n "COh gen-veba r fine s ndy 10 • lllapping unit; 
average of t tolO t r ana.e ts. 

Soucc.. , Wood ward-t:n icon, Inc., Analysis, i974 . 



• 
BOTANICAL COMPOSITION (PERCENT') OF THE SIL TV 

RANGE SITE PLANT COMMUNITY AS DETERM IN ED 
BY THE PACE-POINT METHOD 

2 3~Sp~e~c~i e~s~________________ Sample 12 Sa mple Ave rage 

Blue gramaBOTANICAL COMPOSITION (PERCENT') OF SANDY Western wheat g r a ss 
Needle-and - threadRANGE SITE PLANT COMMUNITY AS DETERMINED 

BY THE PACE·POINT METHOD 

Species 

Grasses 

Biq sandgrass 
Prairie j unegrass 
Blue grama 
Need le-and- th r e ad 
Red threeawn 

Wilcox panlcum 
Porcupine grass 
Plains muhly 
Western wheatgrass 
Little bluestem 

Kentucky bluegrass 
Green needleqras9 
Bearded wheatqrass 
Side-oats qrama 

Sedqes 

Pennsylvania sedge 
Threadleaf sedge 

Perennial Forbs and Half-shrubs 

White sage

• 
Stiff sunflower 
Blue wild lettuc e 
Skeletonweed 
Fringed sage 

Purple loco 
Silverleaf 
Soft qoldenrod 
Golden aster 
Green saqe 

Pasque- flower 
Prairie chickweed 
Purple coneflower 
Bastard toad flax 
Whi te prairie as t er 

Sample 12 

14 
8 

11 
8 
8 

21 
2 

T 

T 


Perennial Forbs and Half-
shrubs !conti,!.) 

Prair ie thistle 
Early qoldenrod 
Daisy fleabane 
Narrow-leaved blazinq 
Stiff qoldenrod 

star 
T 
T 
T 

Wild licorice 
Yarrow 

Annual Forb.. 

Owl clover 

Woody Plant.. 

Prairie wild rose 

2 3Sample 

19 
13 

8 
9 
4 

T 

T 


T 


18 

1 


T 

T 


T 


Ipercentaqes less than 1 . 0 are listed as trace (T). 

2Vebar fine sandy loam; average of four transects. 

)Vebar fine sandy loam; averaqe of three transects. 

Source: Woodward-Environ, Inc. Analysis, 1974. 

• 

Prairie junegrass 
Thicksp i ke wh e atgrass. 
Green needlegr.ass 
Porcupine grassAve rage 
Red three awn 
Kentuc k y bluegrass 
Plains mUhly 

16.5 
Sal tgrass10.5 
Side-oat.s grama9.5 
Plains reedg rass8.5 
Sandberg bluegrass6 . 0 
Tick legrass 

4.0 
2.0 
1.5 

Pennsylvania sedge1. 0+ 
Needleleaf sedge 
Threadl e af sedge 

0.5+ 

0.5 
Perennial Forbs a nd Hal f- s hrubs0.5 

19. 5 
1.5 

2.5 
2.0 
1.5 
1.5 
1. 0+ 

1.0+ 
1. 0+ 
1.0 
0 .5+ 
0. 5+ 

0.5+ 
0.5+ 
0.5+ 
0.5 
0.5 

0.5 
T 

T 

T 

T 


1.5 

Fr i nged sage 
Blue wild lettuce 
Green sage 
White prairie a ster 
Stiff goldenrod 

White sage 
Striate milkvetch 
Aro mat.ic a s ter 
Daisy fl eabane 
Mos s phlox 

Pere nnial Forbs and Half
Shrubs (cont'd.) 

S ilverleaf 
Soft goldenrod 
Cats foot. 
Narrow-leaved blaz ing s tar 
Prairie chi c kwee d 

Red mallow 
Yarro w 
Early qoldenrod 
Pra ir ie th i stle 
Bastard t o a d flax 

Ga u ra 
Ground plum 
Pa s que-f lower 
povertyweed 
Praie ie vetch 

Purple coneflower 
Stiff sunflower 

Biennial Forbs 

Swee t. clover 
Larg e goa tsbeard 

Annual Forbs 

Ca l l omia 
Prairie bird's-fo ot. trefoil 
Fairy candelabra 
Stiffstem flax 

Woody Plants 

Prairie wild rose 
Wolfberry 

1 Perc entages less tha n 1. a 

2Craill silt loami average 

) Williams loami average of 

So urce: Woodward-Envicon, 
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12 17 14.5 
9 10 9 . 5 
4 10 7. 0 
5 6 6 .5 
9 1 5. 0 

1. 5 
3 . 0+ 
2. 0 
1. 5 
1. 5 

0 .5 
0 . 5 
T 
T 
T 

19 12 15.5 
1 9 5. a 
3 3 3. a 

J.O 
2.0+ 
1.5 
1. 5 
1. 5 

1. 5 
1. 0 
0 . 5+ 
0 . 5+ 
0 . 5+ 

1 0. 5+ 
T 0 . 5+ 
1 0. 5 
1 0 .5 

0 . 5 

0.5 
0 . 5 
T 
T 
T 

T T 
T 

T 
T 

T 

1.5 
1.0 

1. 0+ 
0.5 

are listed as trace (Tl. 

of four transects. 

three transects. 

I nc. Analysis, 1974. 
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PLANT COMMUNITY COMPOSITION OF 

CLAYEY RA'NGE SITE1 


Est imat,ed Percent 
by we~9ht2.)Species 

~ 
45 

Green needlegras!I 
Western wheatgras" 

15 
10 ,Blue grama 

2Kentucky bluegrass 
Prai rie junegrass 
Ticklegrass 

Sedges 

Penney 1van ia sedge 

Perennial Forbs and Ralf-shrubs 

Whi te 8age 

Si 1verleat 

White prairie aster 


American vetch 

Fr i nged sage 

Green sage 
Long-headed conef lower 

PraIrie thistle 

Soft goldenrod 

Yarrow 

~~ 

Prairie bird' s-foot trefoi 1 

Owl -=-lover 

Purshl ,s plantain 

woody Plants 

Prairie wild 
Woltberry 

1 Belfield e 1 ty clay loam. 

2 axtent at this range s 1 te ..as insufficient ,for salllpling . 

) PercentaCJH l ll•• than 1.0 are listed as ,trace (T). 

SOUrc~" Wood d - £nvi con. Inc. Analysis. 1974. 

BOTANICAL COMPOSITION (PERCENT1) OF THIN 

UPLAND RANGE SITE PLANT COMMUNITY AS 

DETERMINED BY THE PACE-POINT METHOD 


Species 

LitUe blueetem )0 )l )0.5 
PQr c u p ine grass 5 4 4 . 5 
Bi g 8 ndgrass 1 7 4 .0 
Pra ir te 1u neg rass 5 2 3. , 
Ke n tucky b l uegras s T 6 3. 0+ 

B1 ue g rama J. O 
Need l e -a nd-thr ad ~.O+ 
Pl ai ns muh l y 1.5 
Red thceeawn 1.5 
Thick Spi ke wheatgrass 1. 0 

Gree n n.ed l grass 0. 5 
Sp k .. oa t 0 . 5 
We. t ern wheat-grass T T 

Penns ylvani a s edge 1) 12 12 . 5 
Threadleaf 5 g e 4 5 4.5 

Perennial Forbs a nd Half-shrubs 

Stif f s u n flower 2 .0 
Pasque - f lower 1. 5 + 
Pra i r ie c h ickweed 1.5 
Pr a irie t his tle 1.5 
Silverleaf 1.5 

Wh i te pralrie as ter 1. 5 
Blue bell T 1.0+ 
Narrow-leaved b laz ing s t.a r or 1. 0+ 
Blue wi.!d le ttuc e 1 1.0 
Broa mweed 1 1.0 

Fr inged sage 1.0 
Northe r n bedstra w 1.0 
Purpl e c oneflower 1. 0 
Cats t oot 0.5. 
Lo ng -he ded cone fl ower T 0.5+ 

Pu rple pr a irie clover 0 .5+ 
Aroma i c aste r 0. 5 
Gr e n sage 0.5 
Ind ian breadroot O. '; 
MOss ph lox 0.5 

Pr a i rie vetch 0 .5 
S t riate mi lkve tch 0 .5 
White sage 1 0 .5 
Earl y goldenrod or T T 
Alumroot 'I' T 

Cottonweed T T 
Purple loco or T 
Ske l e tonweed T T 
Ya rrow T T 

Annual Forbs 

Prair ie b ird's-foot. trefoil T T 
Rough p enny royal T T 

woody Plan ts 

P~a ir~e wi I d I:OBe 0. 5+ 
Dwarf 1iI1.Ld l ndilia 0.5 

1 Percenta9u l ess t.h n 1 . 0 /lre list e d a"s trace (or) . 

2 Zahl silt loam; ave rage of three transBct5. 

Source : Woo4wa rd-Envicon. Inc. Analya i8 . 1974. 
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'BOTANICAL COMPOSITION (PERCENT') OF SHALLOW 

RANGE SI ~ PLANT COMMUNITY AS DETERMINED 


BY THE PACE-POINT METHOD 


~Spce~c~ie~s~________________ S3mple 12 Sample 2 3 Average 

Little bluestem 
Bi g sa ndg rass 
Re t hreeawn 
Need l e -a nd - thread 
Blue grama 

18 
7 
6 
5 

16 17 
6.5 
6.0 
4.5 
4 . 0 

Prairie junegra9s 
Porcupine g rass 
Wil c ox pa nicum 
P I ins muhly 
Green needlegrass 

2.0 
1.5 
1.5 
1.0 
0.5+ 

Thic llsp i ke wheatgrass 
Ke n tucll y bl ueg ra ss 

0.5 

Threadleaf sedge 
Pennsy 1vania sedge 

1] 

11 
12 
13 

12.5 
12 .0 

Pere nnial Forbs and Half-shrubs 

St! f'f sunflower 
Purple cone f lower 
Arom a t i c a s tel' 
Pra i r ie t hi stl e 
Bas ta r d toad fla x 

5.0 
4.5 
2.0 
1. 5+ 
1.5 

Gree n sage 
Pasq u - f lowe r 
Wh i t e p r a irie as t e r 
Blue wil /1 lettuce 
Fnnged sage 

1.5 
1.5 
1.5 
1. 0+ 
1.0 

Narrow-l ea ved blazing star 
Pa l ee b o nese t 
Ea r ly gold e nrod 
Go l den aste r 

St r i ate milllvetch 

0.5+ 
0.5 

Perenni a l Forbs and Half
shrubs (cant' d) 

Purple prairie clover 
Wh ite s age 
Fa l se lupine 
I nd ~a n bre adroot 
Lo n g-head1! d coneflower 

T T 
T 
T 

Gaura 
Sil ve r l ea f 
S lIe l e t onweed 
Gr e e n sage 

T 
T 

Bi ennial Forbs 

Bull th i s tle 
Large goa tsbeard 

lInnual Forbs 

Prairie bird Is-foot trefoil 

Woody Plants 

Prairie wild 1.0 

!percentages less than 1.0 are 1 isted as trace (T). 

2Cahagen fine sandy loam; average of four transects. 

3Cabba-Werner complex; ave rage of three transects. 

Source: Woodward-Envicon, Inc. Analysis, 1974. 

PLANT COMMUNITY COMPOSITION OF A CLAYPAN 


RANGE SITE' 


Spec ies 
Estimated Percent 

By Weight 2 . ) 

Western wheatgrass 
Green needlegrass 
Prairie junegrass 
Blue grama 
Needle-and-thread 

40 
12 
10 

5 
5 

Kentuck.y bluegrass 
Red threeawn 
Six-week.s fescue 

Pennsy 1vania sedge 
Threadleaf sedge 
Needleleaf sedge 

Perennial Forbs and Half-shrubs 

Fr inged sage 
Green sage 

Cut-leaved ironweed 
Indian breadroot 
Narrow-leaved blazing star 
Red mallow 
Silverleaf 
Skeletonweed 
White sage 

Annual and Biennial Forbs 

Co llomia 
Rough pennyroyal 
Peppergrass 
Pursh I s plantain 
Sweet clover 

Miscellaneous 

Brittle pric kly pear 

1 Savage clay loam. 

2 Extent of this range site was insufficient for sampling. 

3 Percentages less than 1.0 are listed as trace (T). 

Source: Woodward-Envicon, Inc . Analysis, 1974. 

PLANT COMMUNITY COMPOSITION OF A 

SHALLOW TO GRAVEL RANGE SITE' 


Estimated Percent 
Speci e s By Weight2 

Blue grama 20 
Needle-and- thread B 
Western whe-atgrass 5 
Prairie junegrass 2 

Threadlea f sedge 25 
Pennsylvania sedge 5 

Perennial Forbs and Hal f- Shrubs 

Fri nged sage lQ
Silverleaf B
Golden aster 5
Green sage 5
Gumweed 5 

Cats toot 
Long-headed cone flower 
Pasque- flower 
Ske letonweed 
Yarrow 

lLehr loam . 

2Extent of this range site was insufficiE!:nt for sampling. 

Source: Woodward-En v icon, Inc . Analysis, 1974. 
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Woody Pla n t s 

~ "q("pin'l ~ed." 

Hi ,. Ll ~nl!o u" 

ont I e ptLckly Ilea c 

1 5 

1 I r t io r. n ·Cohagen-Vebar fi ne Ii ndy 10II1II5 · mapping un it 
"aJY.1. ne outcrop . 

t f t hi.s ranqe si t e w s in Jiluff i c ient f o r .amp li"9 . 

lpelOcentaljJ•• 1 as t han L G a re li s t ed u t:o:aca (1'). 
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PLANT COMMUNITY COMPOSITION 
OF A VERY SHALLOW 

RANGE SITE UNDERLAIN BY GRAVEL 1 

Es timat d Pe r cent 
By Wei.ght 2,) 

tI... dle - a nd - t~ -"ad 2 5 

Bl ue grama 8 

Pnurle j uneg['as: s 5 

Li ttle b lue s t e m il' 


Sedqes 

Thread Lea Ii sedge ]0 


Needle l .. f sedg e 2 


"etenn i- ill Fo rbs a nd Hal f- s h rubs 

F{ i nged s a ge 
Br oomweed 
Go I <\e n a ~ te r 


Green "age 

Sllvar l e a f 

Narrow- Ie;!v II bla.ai ng s t a r 

Ske le t p nwe ed 


Bu ll t.lj ~s tle 1
Mos s ph lo)( 

. 	 purple cone flowe r 
Purple pra t e e c l over 
WlJ ~" lal l kw rt 

An n 1 a nd Biennial Forbs 

Bi.enn i Al wgrmwood 

Co llOltl l a 

Ro ugh I' nnyro yal 

La r ge qoa t sb ard 


1 Wabe k, soils. 

2 ex ~ t of this range s ite was insufficient for sampling. 

) ' " r centage. less than 1.0 are l i sted as traee (1'). 

Sou11l:lI; Woodward-Envieon, Inc. Analysis, 1974. 

PLANT COMMUNITY COMPOSITION 
OF A VERY SHALLOW 

1
RANGE SITE UNDERLAIN BY SANDSTONE 

Estimated Percent 
lpec i II --'!Y~e~ 

Gra..... 

'thick s p ike wheatg rass ]9 


I? la~ns muh~y 2 

Pr r ie j une g ra•• 2 

In i na reedgr a s8 1 


Sedges 

Thre.a l e a I .ed9 

Penns Ylva o l .,<Ige 


"erennia l Forb . and Half-shrub . 

F t.e lupin. 15 

r d 'l ed 8IIge 15 

Beoo""" d 5 


~!..~~ _~~te r ) 
PlfrPle coneflower 

Purple l oco 

TuLted mll kvetch 

Vli llP'l' et oqon lllll 


• 
PLANT COMMUNITY COMPOSITION 


OF A VERY SHALLOW 

RANGE SITE UNDERLAIN BY CLlNK~R1 


Estimated Perc ent 
Species 	 By Weight 2 ,] 

Pla i ns mu h ly 	 ]0 
eedle-and-threa~ 20 

'Li t t l e bluestem 1 5 

Blue grama 5 


Sedges 

il'hreadlea f sedg!, 	 10 

Perennia l Forb s and Ha lf-shrubs 

Stiff sun flowe,r 
fringed s g e 
Purp l e c one flower 
Tooth-leaved !,ven ing primrose 

Bastard toad flax 
Bluebell 
Early gq ldenrod 
Evening st" r 
Narrow-leaved blazing star 

Purple prairie clover 
Red mallow 
Weatern wal lflower 
YeUow 8 r1090num 

Annua! Forbs 

Co11a IIIia }
Prairie b i~d' a-foot trefoil 
Stiffstem flax 

Woody Plants 

Prairie wild rose 
Sa nd c herry 

MiltCellaneouB 

Prickly pealO 
White wild on i on 

lRinqlinq 10... •
lExtent of thia range site was ~naufficient for slUIIplinq. 

lpercentagea le• • tha n 1.0 .re liated as trace (1'). 

Source: Woodward-~nvicon, Inc . , AnalYsia , 1974. 
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PLANT COMMUNITY COMPOSITION OF THIN CLAYPAN 

RANGE SITE' 


Western wheatgrass 
Blue grama 
Tumblegras. 
!luffalograss 
Sandberg b 1 u~grass 

Ken tucky bluegrass 
Prairie j unegrass 
Green needlegrass 
Ne"dle-and- thread 

Perennnial Forbs and Half-shrubs 

(C;umweed 
Fr i ngg d sage 
Long-headed conef lower 
Red mallow 
y .... :-tOW 

Annual Forbs 

Prairie bird's-foot trefoil 
Rough pennyroyal 
Peppergrass 
Pursh IS plan tain 

~iscellaneous 

Brittle prickly p e Ar 

Estimated Percent 
By Weight 2 , 3 

45 
10 
10 


5 

5 


10 

3 

2 

2 

1 

lRhoades clay loam. 


2Extent of this range site was insufficient for sampling. 


3percentages less than 1.0 are listed as trace (T). 


Source: Woodward-Envicon, Inc. r Analysis, 1974. 


BOTANICAL COMPOSITION (PERCENT') OF THE WET 

MEADOW RANGE SITE PLANT COMMUNITY AS 


DETERMINED BY THE PACE-POINT METHOD 


Species 

Wild barley ("Foxtail") 16 3 9.5 
Prairie wedgegrass 13 6.5+ 
Fowl bluegrass 1 3.0 
American sloughgrass 5 2.5+ 
Prairie cordgrass 1.5 

SIDOOthcone sedge 60 44 52.0 
CollllllOn spikerush 3 32 18.0 
Needle spikerush 2 1.0+ 

Perennial ,Forb!! 

Tall white aster 2.0 
Willow-leaved dock 1.0 
Spreading dogbane 

Annual Forbs 

Spiny sowthistle 0.5 

Ipercentage less than 1.6 are listed as trace (T). 

2Inclusion in "Di...ick silty clay" mapping unit: average of 
two tranaecta. 

lInclu.ion in "Pa.r ne ll silt loam" I1L'Ipping unit: aver llCJ e of 
two tran.ect •. 

Source: Woodward-Envicon, Inc., Analysis, 1974. 

BOTANICAL COMPOSITION (PERCENT') OF WETLAND 

RANGE SITE PLANT COMMUNITY AS DETERMINED 


BY THE PACE-POINT METHOD 


Species 

Slough sedge 56 8 ) 69.0Long-rooted smartweed 39 11 25.0Smooth cone sedge 1 2 .0 
3Broad- l e aved cattail 

1. 5Northern reedgrass 
1. 5 

Rivergrass 
0 .5BUr reed 
l' 

Ipercentages less than 1.0 are liste d a s t race (T). 

2parnell silt loami average of two transects. 

3rnclusion in "Marsh" mapping unit; one transect. 

Source: Woodwi\rd-Envicon, Inc., Analys i s. 1974. 

BOTANICAL COMPOSITION (PERCENT) OF THE MARS 
PLANT COMMUNITY AS DETERMINED BY THE PACE

POINT METHOD 

Species 

Burreed 60 34 47.0
Long-rooted smartweed 27 )2 29.5
Broad-lea ved ca t ta i 1 25 12.5 
River bulrush 13 6.5
Wedgegrass 1.5 

Arrowhead 1.0 
Common spikerush 1.0
Water plantain 1.0 

lAverage of two transects. 

Source: Woodward-Envicon, Inc., Analysis, 1974. 
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WOODY PLANT COMMUNITIES OCCURRING IN HYDRIC, 

MESIC AND XERIC MOISTURE SITUATIONS 
" 

Hydr c ~tesic Xeric 

Box-e lder American elm BUff"loberry
Cottonwood Choke cherry Wolfberry
Hea r t-le aved wil low Green ash 
MisBour wil low Juneberry 
Pe ach-leaved wi llow Hi e sour i qoo.eberry 

PUS.Y wi 110w Poison. I vy 
Red os er Quakinq a spen 
Sandbar willow Ro u nd-leaved ha wthorn 

Western wild ros e 

Wild black currant 


Wild plum 
Wo lfberry 
Virginia creeper 

Sour-ee: Wood.waJ:'d-Envicon, Inc., Analysis, 1974. 
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• 
TREES AND SHRUBS ENCOUNTERED IN PLANTED 

WOODY STANDS 

SpeCies 

Ame rican elm 
Box-elder 

"Buffaloberry 
Caraqana 
Chinese elm x 

Choke cherry 

Cot tonwood 

Green ash 

Golden currant 

Golden willow 


Honeysuckle 

Laurel-leaved willow 

Lilac 

Nankinq c herry X 

Ponderosa p i ne X 


Red clller 

~;~ra~~rf~~n juniper 

Sand cherry 

Siberi an crab 

Biber ian elm 
Wild plum 

Source : Woodward-Envieon, l.tc., Analyeis, 1974. 
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• NUMBER, LENGTH AND WEIGHT OF FISH COLLECTED WITH 200-FOOT 
EXPERIMENTAL GILL NETS FROM A DEPTH OF 100 FEET IN RENNER BAY, 

/ 
 Length (mm) Weight (g) 

Month Species Number Mln-Max Min-Max ~ 


June 	 Carp 446 - 455 450 1134 - 1247 1190 

July Carp 440 794 

August Channel catfish 636 2098 

September White sucker 266 - 409 336 182 - 700 415 

Source: Woodward-Envieon, Inc. , Analysis, 1974 . 

NUMBER, LENGTH AND WEIGHT OF FISH COLLECTED WIT", ELECTROFISHING 
EQUIPMENT IN RENNER BAY 

Length (mm) Weight (gl 

Month Species Number Min-Max Min-Max ___x_ 

17 395 483 434 800 - 1400 1065 

Emerald shiner 15 
May 	 Carp 

40 - 93 73 0.4 - 4.8 3.4 

Walleye 12 210 - 409 298 50 - 600 266 

White sucker 11 191 - 395 344 50 750 498 

Yellow perch 6 64 - 146 92 4.0 - 40 13.8 

Goldeye 6 275 - 337 311 50 - 380 257 

Freshwater drum 1 424 

• 
838 

River carpsucker 1 504 1800 

Bigmouth buffalo 1 502 1800 
Shorthead redhorse 1 386 1500 

--71Total 

24 412 - 585 448 343 - 1600 863 

Goldeye 13 133 - 302 246 19 - 246 130 

Whi te sucker 4 349 - 395 372 440 - 622 562 

Emerald shiner 

June 	 Carp 

3 74 - 88 80 4.2 - 6.7 4.9 

Walleye 368 - 750 559 380 - 3543 1962 

Yellow perch 1 	 68 3.7 
Sauger 1 275 130 
River carpsucker 1 542 1743 

Total --49

July 	 Carp 14 419 - 660 468 400 - 2200 796 

Goldeye 7 225 - 332 264 142 - 330 192 
Emerald shiner 4 60 - 87 68 - 6.41.7 3 . 2 
Shorthead redhorse 3861 576 
White bass 1 336 446 

Yellow perch 1 189 72 
Sauger 1 226 69 

Total --29

192 

Carp 19 409 - 547 441 770 - 2157 1094 
Yellow perch 10 III - 181 145 18 - 80 44 
Walleye 6 222 - 319 287 84 - 264 165 
White sucker 5 166 - 232 38 - 522 

August 	 Goldeye 34 174 - 334 284 48 - 322 

359 	 166 

Freshwate r drum 3 376 - 432 416 538 - 900 722 
River c arpsucker 2 540 540 2214 - 2400 2307 
Northern pike 1 785 3500 
'Shorthead redhorse 1 376 538 
White bass 1 100 14 

Total --82

September 	 Goldeye 40 276 - 350 320 164 - 380 282 

Carp 15 400 - 510 436 750 - 1685 1097 

Sauger 3 318 - 340 327 210 - 270 233 
Walleye 2 237 - 316 277 118 - 230 174 
Northern pike 1 527 792 

White bass 1 107 20 
Yellow perch 1 125 42 

Total ~ 

October 	 Goldeye 68 279 - 383 321 190 - 384 286 
River carpsucker 6 421 - 555 505 964 - 2041 1436 

Carp 4 421 - 571 482 737 - 1247 915 
Sauger 4 292 - 365 313 178 - 300 217 
Yellow perch 3 118 - 216 156 20 - 128 57 

662 
Walleye 1 341 340 
Shorthead redhorse 391 

White Bucker 1 407 

__1_ 	 600 

• 	
Total 88 

Source: Woodward-Envicon, Inc. , Analysis, 1974 • 
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NUMBER, LENGTH AND WEIGHT OF FISH COLLECT ED WITH GILL NETS 
IN RENNER BAY, LAKE SAKAKAWEA, NORTH DAKOTA 

/

r Len!jth (mm) wei!jht. (!j) 


MontJ! Species Number Min-Max x Min-Max_ __X_ 


May 	 Go1deye 244 273 - 415 ]15 124 - 558 220 
White sucker 6] 266 - 445 ]68 172 - 1000 529 
Carp 55 ]82 - 565 464 700 - 2100 134] 
walleye ]8 2]2 - 486 ]~8 88 - 900 ]79 
Sauger ]] 27] - 415 ]15 124 - 558 220 

River carpsucker 18 4]7 - 619 492 1200 - 3300 2150 
Channel catfish 8 4]2 - 750 576 620 - 5000 ]047 
Northern pike 8 • 690 - 978 799 1750 - 740 0 ]844 
Shorthead redhorse 6 ]]9 - 441 ]7] ]79 - 549 
Sma 11mouth bu f fa 10 ] 492 - 525 509 1700 - 2100 1967". 
Yellow perch 2 156 - 227 192 ]9 - 100 70 
Biqmouth b\l!fa10 1 566 ]000 
Freshwater drum 1 454 1500 
Shove1nose sturgeon 1 612 809 

Total ~ 

June 	 Go1deye 172 215 - ]52 312 50 - 476 282 
Carp 51 ]72 - 555 456 800 - 2400 124] 
Whi te sucker 2] 19] - 44] ]48 78 - 920 477 
River carpBucker 11 479 - 542 512 1371 - 2U] 1792 
Walleye 11 257 - 441 ]17 108 - 668 258 

Sauger 225 - ]45 290 72 - ]00 151 
Freshwater drum ]80 - 57 ] 4]0 573 - 1314 860 
Northern pike 679 - 764 722 2]42 - ]600 2972 
Shorthead redhorse 391 - 472 4]1 622 - 1057 840 
Channe l cat f i a h 289 - 545 417 164 - 137'1 768 

Coho salmon 1 416 730 
Yellow perch 1 165 42 

Total ~ 

July 	 Go1deye 297 160 - ]78 ]00 20 - 339 2]4 
Carp 40 440 - 541 46] ]4] - 1429 717 
Walleye 13 251 - 745 720 110 - ]800 817 
River carpsucker 9 469 - 51S 480 914 - 1257 1000 
White sucker 7 252 - ]91 315 150 - 578 ]29 

Bi<llllOuth buffalo ] 492 - 6]8 562 1000 - ]257 2095 
S ho rt.head r edhor•• ] ]50 - 400 ]81 200 - 670 4]5 
Channel catf lah 2 257 - 291 274 118 - 164 141 
Sauger 	 1 55] 1 029 
Smallmouth buffalo 1 556 1657 
Freshwater drum 1 4]5 860 

Total ----r'1B 

August. 	 Walleye ]6 209 - 6]4 ]80 75 - 2114 506 
Goldeye 29 170 332 ]06 164 4]0 286 
Yellow perch 2] 152 - 226 197 45 - 122 90 
Whi te sucker 17 245 - ]8] ]20 156 - 586 ]55 
Carp 9 ]78 - 562 448 620 - 2114 1140 

Short.head redhorse 6 334 - 410 ]87 ]78 - 725 606 
River carpsucker 5 472 - 574 517 1429 - 2514 1766 
Channel catfish 4 ]74 - 6]6 485 482 - 2114 1090 
Sauge r ] 286 - 395 ]25 138 - ]56 216 
Burbot 1 4]7 460 
Freshwater d.rum 1 740 416 

Total 134 

September 	 Go1deye 152 266 - ]64 ]10 164 - 4 ]0 271 
Carp 31 4]0 - 557 474 950 - 2514 1417 
Yellow perch 26 14'9 - 225 201 38 - 132 92 
walleye 1& 228 - 722 392 201 - ]429 776 
Whi te sucker 12 266 - 409 ]45 182 - 598 4]] 

Sauger 10 282 - ]41 ]13 168 - 261 198 
River carpsuck. r 5 490 - 514 50] 1429 - 1914 1697 
Shorthead redhorse 4 ]72 - 4]5 402 592 - 822 68] 
Biqmout.h buffalo 1 580 2857 
Nort.hern pike 1 78] ]771 

Tot.a1 258 

Oct.ober 	 Gold.ye 141 214 - ]56 ]04 120 - ]94 262 
Whi t.e Bucker 17 186 - 400 ]55 62 - 664 481 
Wall eye 10 282 - 694 396 178 - ]855 870 
Carp 9 405 - 528 472 397 - 2098 1090 
River carpsucker 8 480 - 5]4 504 907 - 2]25 1644 

Shorthead redhorse ]50 - 428 397 4]8 - 872 668 
Sauger 277 - 484 ]52 148 - 764 ]44 
Freshwat.er dr um ]7] - 450 408 670 - 851 781 
Cha nnel catfiah 458 - 482 470 710 - 1021 866 
Northern pike 690 - 1010 850 1899 - 6877 4]98 

Rainbow trout 1 551 1474 
Creek chub 1 186 52 

Tot.a1 ~ 

Source: Woodward-Env icon. Inc. , Analysis, U 74. 
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• 
NUMBER, LENGTH AND WEIGHT OF FISH COLLECTED WITH A 50-FOOT BAG 

ISEINE IN RENNER BAY, 

Length (mm) Weight (g) 
Month Species Number l'hn Rax x R~n-Rax xJ 

May 	 Yellow perch 50 50 - 73 64.5 1.1 - 4.3 2.5 
Johnny darter 2 53 - 57 55.0 1.7 - 2.1 1.9 

--5-2Total 

June 	 Emerald shiner 65 26 - 92 70.4 0.3 - 8.9 3.8 
Yellow perch 25· 22 - 90 70.0 0.1 - 9.0 4.3 
White sucker 3 104 - 122 22 11. 9 - 19.0 15 
Carp 1 420 	 930 

0.9Northern redbelly dace 1 50 
--9-5Total 

July 	 Yellow perch 1953 1 27 - 108 36 0.1 - 16.4 0.7 
Carp 223 22 - 37 27 0.1 - 0.7 0.3 

103 0.9 - 10.4Emerald shiner 118 48 - 78 	 3.0 
White sucker 101 27 - 39 30 0.1 - 0.7 0.5 
Sand shiner 	 3 29 - 65 50 - 1.60.1 2.8 

Johnny darter 3 23 - 29 26 0.2 0.2 
~oldeye 1 153 32.9 
Flathead chub 1 125 24.8 

Total 2403 

August 	 Emerald shiner 3434 2 22 - 99 62 0.1 - 7.2 2.1 
Yellow perch 52 - 70 61 1.5 - 3.8 2.4 
White bass ~;3 92 - 102 96 10.3 - 14.3 12.2 
White sucker 39 46 - 67 56 1.4 - 3.4 2.1 
Johnny darter 34 20 - 46 39 0.1 - 1.2 0.7 

• 
Plains minnows 31 65 - 102 96 2.5 - 12.1 9.3 
Fathead minnow 3 32 - 57 48 0.3 - 2.1 1.5 
Carp 2 30 - 37 34 0.4 - 0.9 0.7 

)665"Total 

September 	 Emerald shiner 35 67 - 79 73 2.6 - 4.4 3.2 
Yellow perch 5 62 - 72 66 2.9 - 4.0 3.3 
Johnny darter 5 28 - 56 43 0.3 - 1.8 1.0 
Iowa darter 1 45 	 0.8

--4-6Total 

October 	 Emerald shiner 135 23 - 97 56 0.1 - 7.1 2.2 
Johnny darter 15 44 - 58 51 0.7 - 2.4 1.5 
Yellow perch 9 64 - 69 67 2.7 - 3.9 3.4 
Rainbow trout 1 134 29 
White sucker 1 68 3.5 
Flathead chub 1 71 3.5 

Total 	 ----r62 

350 were weighed and measured. 

619 were weighed and measured. 

6 were weighed and measured. 

Source: Woodward-Envicon, Inc. Analysis, 1974. 
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•
MACROINVERTEBRATES COLLECTED FROM AQUATIC ECOSYSTEMS, MERCER 

COUNTY, NORTH DAKOTA, · 

/ 
Lake Knife Rive r 


Common Na me Sc i e nti fi c Name Sa kakawea Drai nag:e 
 ~ 
Rou ndworms 	 Nematoda 

Ho r sehair worms 	 Nema omorph a 

Aquatic earthworms 	 Ol1go chaet.a 

Lee ches 	 Hirudi nea 

Side swl.mme rs 	 Hyale lla z tec a 

Gammarus sP:-


Cray fish 	 ~sp . 

Stonefly nymphs 	 P rlesta sp. 

May fly nymphs 	 Hexagenia sp. 

Ephoron sp. 

Baetis sp. 

Pseudocloeon sp. 

Tr l.cor;t thodes sp. 


Caenis sp . 
I sonychia sp. 

Leptophlebi inae 

Leetoehlebia 

S tenonema sp . 
Hcptagenia sp. 

Dragonfly ny mphs 	 Gomphus sp. 

Libellula sp. 


Damself ly nymphs 	 Aeschna sp . 

Agrion sp. 

Enallaq ma sp. 


Water boatme n 	 Corixidae 

Water striders 	 Gerridae 

Alderfly lArv " 	 Slalis sp. 

Caddis fly larvae 	 H;tdroes;tche sp. 

Cheuma tOEs:i,che. sp. 

Pol;icentroEus sp. 

Oecetis sp. 

Athr iEsodes sp. 


Leetocella sp. 
Tr l.aenodes sp . 
Limne~hi lus s p. •p:lcnoEs:lche sp. 

As tenoeh;t Ix sp. 


Pt i los tamis sp . 

Phr;t9anea sp. 

~sp. 

Riffle beetles 	 Elmidae 

Predaceous diving beetles 	 Dytiscidae 

Crane fly larvae 	 Tipulidae 

Black fly larvae 	 Simulium sp. 

Midge larvae 	 Pentaneurini 

Procladius sp. 

ChI ronomus sp. 
D.lcrotendi~es sp. 
Cr:t.E!tochi ronomus sp. 

Parac iadoEe 1ma sp. 
Endochironomus sp. 
Xenoch ironamus sp. 

;~!~~~~~~~~e:~ . sp. 

Para lau te rbarnie 11a sp. 
ParatendlE!e s p . 
S t ric tach i ronomus sp. 
Mi c ratendiEes sp . 
Tan;ttarsus sp. 

Di ame s i n e 
Eukleff e r iella sp. 
Cr icotopus sp. 

Biting midg e l a r vae 	 Ce ca topoqan idae 

Sold~e r fly larva e 	 Odo n t om;ti a sp . 

Horsef l y l a.rva e 	 Tabanidae 

Snails 	 sp.~ 
Lymnae a sp. 

Mus se ls 	 unionidae 
Sehaerium sp. 

Total 	 18 6) 10 

Source: Wood·oJiIard - E.nv icon, 	 Inc. Anal y siG, 1974. • 
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• 
NUMBER OF MACROINVERTEBRATES PER SQUARE METER AND PERCENT 
RELATIVE ABUNDANCE COLLECTED IN RENNER BAY, 

/ 
May June July Aug . Sept. Oct. 

1 
Nema t oda 4.8 3.6 

01 igoc hae ta 104.8 16.3 33. J 15.2 19.0 12.9 9.5 3.9 

Hcxa,qcnla sp. 6.2 2.2 

Cheuma to ps yc he sp. 

Oecet l. S sp. 4.8 2.2 


Ch H onoou d a e 533.3 82.9 766.8 96 . 4180.9 82 . 6 1 28 . 7 87.0 233.3 96.1 281.297.8 

Procladi u s " p. . 323.8 50.4 14 . 3 [.8 5 2. 4 23.9 81.0 54.8 22 3 . 8 92.2 281.2 97.8 
Chlronc muS . p . 161.9 25.2 304.8 38 . 3 9 . 5 4.3 14.3 9 . 6 
Oicrotendi pe s . p. 23.8 3. 0 
Cryptoch ironomu.!. sp . 38.1 5.9 42.9 5.4 14.3 6.5 4.8 3.2 9 . 5 3.9 
parac ladopelma s p . 

Po lype dilU111 s p. 366 . 7 46 . 1 85.7 39.1 
Pa,ca t e ndipes Sp. 4.8 0 .6 
Tany t..a r sus s p . 4.8 0.7 
Ge nu s ~ 9.5 4.3 28.6 19 .4 
Pupae 4.8 0.7 9.5 4.3 

cc ratopoqonidae 

To tal 64 3 .0 99.9 795.4 100.0 c1 9 100.0 14 7.7 99.9 242 . 8 100.0 287.4 100.0 

Hay July Aug . Sept. 

Nematoda 

O} igochae ta 52.4 7.0 19.0 7.1 57. 1 15 .6 4.8 4 . 8 219.0 75.4 61.0 27.4 

• 

Hexa,gcnia sp . 


Cheuma t op yche sp . 4.6 4 . 8 
oecet is 8p . 

Chironornidae 695. 4 93 . 0 247.6 92.9 309 . 6 84.4 90 . 6 90.4 71.3 24 .5 214.3 72.6 

Procladius .p . 681.0 91.1 209.5 78.6 300.0 81.8 66 . 7 66.6 38.0 U.l 181.0 61.3 
Chironomus sp . 4.8 0.6 4 .8 1.3 14 . 3 14.3 9.5 3.3 
~pes sp. 4.8 0.6 
Cryptochironomu s sp. 9. 5 3.6 4 .8 4.8 4 .8 1.6 )3. 3 11 ,3 
Paracladopelma sp. 19.0 7.1 4 . 8 4 .8 19. 0 6.5 

Polyped i lum .p. 4.8 1.8 
Para tend ipe s sp . 
Tanytarsus sp. 4.8 0.6 
Genu_S A 4 .8 1.3 
Pupae 4.8 1.8 

Ceratopoqon idae 

Total 747.8 99.9 266.6 1 00.0 366.7 100.0 100.2 100.1 290.5 99.9 295.3 100.0 

May J une Jul y Aug . Sept. 

N.ematoda 

Ollgochacta 14.3 1.3 100.0 35.0 14.3 3 .7 23 . 8 5.0 4 .8 1.2 14.3 7.7 

Hcxagenia 6p . 

Caenis sp. 9 . 5 2.4 

~topsychC Bp. 
Oecetis s p . 4 .8 0.4 4 . 8 1.2 

Chironomidae 1095.2 98.3 185.7 65.0 371.6 95 .1 44 7.5 95 . 0 375 . 6 96.3 171. 4 92.3 

Prociadiu s .p. 1042.8 93.6 U8.1 48 . 3 304.8 78.0 119.0 25.2 209 . 0 53.6 23.8 12.8 
Chironomus sp. 23.8 2.1 19 . 0 6.6 4 .8 1.2 9 . 5 2 .4 
~pes sp. 14 .3 5.0 
Cryptochironomus sp . 4.8 0.4 14 . 3 3.7 4 7.6 10.1 95.2 24 . 4 119.0 64.1 
Paraciadopelma sp. 14 . 3 5 . 0 4.8 1.2 23 . 8 6.1 

PolypedllW!l sp. 14 . 3 3.7 261.9 55.6 D.3 8.5 14 .3 7 . 7 
Para tend ipe S 9p. 
Tanytarsus sp. 4.8 0. . 4 4.8 1.2 14 . 3 7.7 
Genus A 19.0 1.7 23.8 6.1 9.5 2 . 0 
Pupae 9.5 2.0 4.8 1. 2 

ceratopoqonidae 

Total 1114.3 99 . 9 2A5.7 99.9 39 0 .7 100.0 471.3 99.9 389.9 99.8 185.7100.0. 

• 
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•
May July Auq. Sept. __Oc_t_._ 

Ne matoda 

01 i qochae ta 233.3 34 7 142. 'l 31.3 157.1 15.3 42.9 8.0 23.8 22.7 109.5 50 

/ 

Hexaqenia. sp. 


Cheuaatopsyche Bp. 
Qecetis sp. 

Chir°ncll ldae 438.1 65 .2 314.2 68 . 7 866.7 84 . 7 490.5 92.0 80.9 77.3 109.5 50 

I'rocladius .p. 414.3 61.7 261.9 57.3 714 . 3 69.8 423.8 79.4 19.0 18 . 1 85 . 7 39.1 

~ sp. 14.3 2 . 1 42.9 4.2 4.8 1.0 

~pes sp . 23.8 S.2 

Cryptochironooous "p. 9.5 1.4 9.5 0.9 38.1 7.1 4.8 4.6 19.0 8.7 

Pancladopelma sp. 9.5 2.1 9.5 0 . 9 57.1 54.5 


Polypedil_ sp. 19.0 · 4 . 2 
Paratendipes ap. 

Tanytarsu5 sp. 4 . 8 2.2 

Genua A 90.~ 8.8 

Pupae 23.8 4 . 5 


Ceratopoqonid... 

Total 671.4 99 . ~ 457.1 100.1 1023.8 99.9 5ll . 4 100.0 104 . 7 99.9 219.0100.0 

June July Aug . Sept. 

OliCjOChaeta 14.3 4.6 90.5 16.2 ll.3 36.8 19.0 13.8 133.3 40.6 

, "",..qen1e sp. 

Cheu.atopsyche ,p. 
~sp. 

Olironc..idae 295.3 95.4 466 . 8 83.8 51.2 63.2 119.1 86.2 195.3 59.4 

Proclediu8 sp. 252.4 81.5 404.8 72.6 38.1 42.1 109.5 79.3 181.0 55.1 

~sp. 4.8 1.6 4.8 0.9 4'.8 5 .3 4.8 1.5 

~peasp. 19.0 6.1 

CryptochiroI'\C8U8 sp. 4.8 0.9 9.5 10.5 4.8 3.5 9 . 5 2.9 

ParaclAdopel...p. 14.3 4.6 42.9 7.7 


Polypedil_ .p. 4.8 5.3 
paratendipea .p. 

TAnytarsus ap. 

Genua A 9.5 1. 7 


Pupae 4.8 1.6 
 •
ceratopogonidae 4.8 3.5 

Total \ 309.6 100.0 557 . 3 100.0 90.5 100.0 138.1 100 . 0 328.6 100.1 

May July Aug. Sept. 

_teda 9.5 22.2 

Oliqochaeta 400.0 46.6 204 . 8 48.3 57.1 29.2 114.3 50.0 19.0 21.0 

lIexeqenie sp. 

Che~topsyche sp . 

Qeceti. sp. 4 . 8 4 . 8 


Chironoaid.te 458.9 53.4 219 . 1 51.7 138 . 1 70.8 109.6 47.9 71.4 79.0 33.3 77.8 

Procladius sp . 444.6 51.8 161.9 38.2 81.0 41.5 81.0 35.5 71.4 79 .0 19.0 44 . 4 

~ .p. 9.5 1.1 4.8 1.1 9.5 4 . 9 9.5 22.2 

~pe8 sp. 14.3 3.4 

etyptochiro"....••p . 33.3 7.9 9 . 5 4.9 

Paneladopel_ sp . 4.8 1.1 9.5 4.9 23.8 10.4 


Polypedil... sp. 9.5 4.9 
Paratendipes sp. 

Tanytarsus sp. 4.8 2.5 4.8 11 .2 

Genus A 4 . 8 0.6 


Pupae 4.8 2.5 4 . 8 2.1 


Ceratopogonidae 

Total 858.9 100.1 423 . 9 100.0 195.2 100 . 2 228 . 7 100.1 90.4 100.0 42.8 100.0 

lMean densi ty nuaber per square .eter 

2percent relative nu.erical abundance 

lsaaples not taken 

SOurce: 'lIIDodward-Envicon. Inc., AnalYllia, ' 1974. 

•G-IB 

http:Chironoaid.te


• 	
ZOOPLANKTON MAJOR GROUP DENSITy1 AND PERCENT ABUNDANCE2 
FROM LAKE SAKAKAWEA (RENNER BAY) FOR JULY - SEPTEMBER 1974 

/ 
Deeth 

1 Meter 8 Ml!ters 15 Meters ]0 Meters ""on (4 DeEths) 
Date Major Gro!!12 Den.ity Percent Den.ity Density Percent Density Density ~ercent~ 	 ~ 

Early Cladocera (10.2) 1.6 ( 9.0) ( 0.7) ( 0.7) ( 4.3) 

July CopepodA 16.5 (84 . 2) 14.9 (83 . 7) 25.3 (95.8) (95.9) 21.2 (91.0) 
Rot,tfera 1.1 ( 5 . 6) 1.3 ( 7.3) 0.9 ( 3 . 5) 1.0 ( 3.4 1.1 ( 4.7) 

ToUI 19.6 l1.8 26.4 29:4 2T.J 
(all zooplankton) 

Late Cladocera 4 . 3 (13.0) 2.6 (10.1) 2.4 ( 9.6) 0 . 2 ( 0.6) 2.4 ( 8.2) 
July Copt=poc1. 24.0 (72.5) 18.6 (72.7) 20 . 1 (80.8) 31.9 (96. 4) 2 3 . 6 181.2) 

Rot .Hera 4.8 (14.5) 4.4 (11.2) 2.4 I 9.6) 1.0 I 3.0) 3.1 110.6) 
To",1 lTT """i5:6 24.9 JJ:l 29.l 

Early Cl.docera 8.8 130.3) 1.0 ( 6.0) I 3.8) I 2.3) 111.0) 
AuqulI t Copepoda 13.4 146.6 ) 11. (71.7) 19.9 (89.1) 194.1) 20.1 176.5) 

Jlotihra 6.7 123.1) 122.3) 1.5 I 7.1) 1.4 I 3.6) 3.3 112.5)~ 
To ",1 """'2'9.0 	 2l.2 lB.l l6:3 

Sept . 	 Cl,-docera 3 . 9 (16.4) 5.6 125.0) (17 .2) 1.1 (14 . 1) 3.2 119.3) 

CopepodA 13.6 157.2) 12.9 (57.6) 7.5 161. 5) 171.8) 9.9 (59.6) 
Rot.ifera 6.3 126.4) 3.9 117.4) 121.3) 1.1 (14.1) 3.5 121.1)~ 

23:8 22:4 12.2 ~ 16:6 

lDen.tty unit.: or;an1._ per liter (liter-I) . 
2 
Percent of totel a;ooplAnltton 4en.ity. 

Source: ,; Wood..... rd-Envicon, Inc . • Aralye1., 1974 . 

ZOOPLANKTON DENSITy1 AND PERCENT ABUNDANCE2 (PREDOMINANT 
TAXA) FROM LAKE SAKAKAWEA (RENNER BAY) FOR JULY - SEPTEMBER 

1974 AT 4 DEPTHS • 

DeEth 

1 Meter 8 Met.ers IS Meters 

~ TAu Den.ity ~ Density ~ Denaity ~ 

30 Met.ers 

Density ~ 
""An 14 Dee ths ) 

Density Percent 

EArly DiafMia I 9 . 7) 1.6 I 9.0) 0.2 I 0.7) ( 0 . 3 ) I 3 . ~ ) 

July "-opl1i (45 . 4) 8.2 146.1) 17.0 (64 . 3) 19.4 (66 .0 ) 13.4 (57. 5 ) 
CYc10p0idA 3.3 116 . 8) 4.0 122.5) 126 .1 ) (28.9) (24.5) 
Oiepto-.. 4.1 (20 . 9) 2.7 115.1) 1.] I 4.9) 0.4 I 1.4) 2 . 1 I 9.0) 
Polyertlrr. 0.8 I 4 .0 ) 0.8 I 4.5) 0.4 I 1.5 ) ~ I 1.0) 0.6 ( 2.5) 

Toul 19:6 l1.8 26.4 2T.J 
(all zooplankton) 

Lau o.phni.. 113.0) 2 . 6 (lO.I) 1.9 ( 7.6) 0 . 1 I 0.3) 2.2 ( 7.5 ) 
July Naupll1 9.3 128.1) 7.6 129.7) 7.8 131.3) 19 .6 159 . 2) 11 . 1 138.0) 

cyclopold.. 9 . 9 129.9) 7.7 130.0) 9 . 2 136.9) 11.3 (34.1) 132.5) 
Di"pta.UII 4 .6 113 .9 ) 3 .2 112.5) 2.5 110.0) I 2.1) 2 . 7 I 9.2) 
Poly..rthr.. 4.2 (12.7) 3 . 8 114.8) 2.1 I 8.4) 0.4 I 1.2) ~ I 8.9) 

Tot..l 3T.T """i5:6 """i4:9 ]J.T 

EArly ~ 130.0) I 6.0) I 1.8) 0.9 I ~. 3) 2.8 (10 . 6) 
AU'iU"t "-,,,,111 4.9 116.9) 141.6) 11.7 155.2) 21.0 160.0) 11.6 144.1) 

Cyc1<>PO i 4. 6.8 123.4) 3.9 12l . 5) 5.5 (25 . 9) 12.1 Il1.6) 7.1 (27. 0) 
01"ptoaWl 1.8 I 6.2) 1.1 I 6.6) 1.5 I 7.1) ( 2 . 9) I 5.3) 
Poly..rthr.. 6 . 4 122 . 1) 3.6 121.7) 1.2 ( 5 . 7) 0.9 I 2.]) 3.0 (11.4) 

To",1 29.0 l6.5 2l.2 3il.J l6:3 

Sept. "",,hnio 3.7 115.5) 5.4 124.1) 1.8 114.1) 0.9 111.5) 3 .0 118.1) 
Naupl ili 4.0 116.8) 5 . 4 124.1) 3.6 129.5) 2 . 5 132.1) 3.9 121 . 5) 
CYclOPll1dA 6.0 125.2) 5.2 123.2) 3.2 126.2) 2.6 133.3) 4 . 2 125 . ]) 
Obptcau. 3 . 8 116.0) 2 . 2 I 9.8) 0.8 I 6.5) I 5 . 1) 1.8 (10.8) 
PolyuthrA 6 . 1 125.6) 3 . 9 117.4) 2 . 6 121.3) 0.9 111 . 5) 3.4 120.5) 

TotAl 23:8 2T.4 -rr:2 ~ ""I6.6 

lo.n.aity u.nit., 0C9..n1-.. per liter llitor- I ) • 

2Percent of toul &ooplanJtton deneity. 

So\ll'cel Wood.....rd-Envicon. tnc. , AnAly.i., 1974. 

• 
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PHYTOPLANKTON DENSITy1 AND PERCENT ABUNDANCE2 FROM LAKE •SAKAKAWEA (RENNER BAY) FOR JUNE - SEPTEMBER, 1974 

Plpt h 

1 Met.e r 15 Meten Oepths )
"atl Cot 

~ r.aior Group Den _.!!.l Pe r c en t Density Pe r cent ~nsity ~ DI,l1C ity Pe r cent Dll!n . lty ~ 

)0. 2 112 . 6 ) (l 2 . 0 ) 39.1 116 .0 ) 38 . 4 (l8.9) J5 . 1 114 . 6) 

P.llJU, l e . 203.0 18 5 . 0 ) 242 . 9 187 .8) 200 . 5 181.9) 162 . 9 180.2) 202 . ] 164.0) 

Othlll.r Phyto. ~. 7 1 2 .4) 0 .7 I 0 . 1 ) ( 2.l) 1.8 1.0.9) l . ) 11.4) 


'TotAL 2li:9 276:7 2OT.T 24O:B

...-2..:1. 

(all phytoplankton) 

&a rlv ( 9 .8) 5.9 I 8. 8) (11.1) 20 . 7 121 . 8) 11 4 . 1) 

J uLy Penn.. l •• (87.11 (89 .7) 88.0 18•• 3) In. 1I 6 2.3 (84 . )) 


Other Phyto . 1).11 1. 0 ( 1.5) 2.7 I l .fi ) 0.1 10 . 1) 1.2 I 1.6) 

Total 	 67:0 lO2.O 9Q.8 73.'i 

Latif Cant,.. les 4 . 1 (lL6) 5.0 I 9 .) ) 10." I 7 . 11 (l4 . 6) I 9 . 2) 

July fenn ales )1.0 187.6) (90 . 5) 140.0 (92 . 4) 185 . 4) 190.4) 


Om u Phyta. 0 . ) ( 0.8) 0.1 ( G ~ ~ ) 0.7 ( a . 5) 0.3 ( 0 .4) 


Tot .. l """'i'5.4 SJ:-s lsl.S {;9.6 

&ady Centules 1).6) I 9 . 7) 111.6) 111.0) (10.1) 


Auqu'I t Penn il Les 15.1 18 9 .9) 1~0.61 (86.1) ISs.3) 26 . 7 (86.7) 


1.1 1 6. 5) 1.5 I 9 . 7) 1.1 I ' .)) 0 . ) I 0 .7) 1.0 (3.21 

l6.8 1""5.5 4U 4T.5 )Q."8'
Other ,.:~~~ . 

Clitnt t'.. l e s (l2.I:I) 1.6 (11.3) 2 . 7 I 7.9) 4.8 (1 0 . ft ) ~ . 5 1'.8) 

Auq ua t " nn.le1l (79 .5 ) 12.0 (84.5) 11.0 190.4) 40.5 16•. 4) 22.4 (88.2) 


~T PhYla. 0 .6 (7. 7 ) 0 .. 6 14.2) . _~.6 I 1. 7) 0 . 5 I 2 . 0) 

Total 7.i lU 34 . ) 	 ""2"5.4 

Sept. 	 Centra.lU 1.6 18.2) 114 . 3) 115.2) I'. '>! 111.1) 

Penna l ea: 16. 2 (83.6) 14 . 4 (82.) 1 4. 0 (61.9) 19 . 4 (8'9. 9 ) 185.7) 

Othar Phyta. 1.6 I 8.2) 0.6 I ).4) ~ 12.9) O. l! ( 0.6) 0.7 1).2) 


Tocal 1"9.4 -rr:s 	 IT:6 

lDenaity Wiit.: cella pe-[' millilit.er {.I-I, . 

2percent toul of total phytoplankton den_dty. 

Wood\",ard-£nvicon . Inc., .-.n..1Y 'll i li' . 1974. 

F.arly 
July 

La t~ 

July 

PHYTOPLANKTON DENSITy1 AIND PE'RCENT ABUNDANCE2 (PiREDOMINANT 
TAXA) FROM LAKE SAKAKAWEA (RENNER BAY) FOR JUNE - SEPTEMBER 1974 

Depth 
1 lte t e r 8 l1e t:erl 15 Mete.rs 30 .. t e r s Mean (4 Oe pt.na ) 

ne"lsity Pe r cent Dens! ty Perce nt 

tteloli l."ra i r,alic ", 19 .3 (12.3) 32. 0 1ll.6) 37.0 115.1) 35 . 8 117 . 6) 3), 5 Ill.9) 
~~:sa7S .7 (1l.7) 6 2 .0 (2~ . 4) 64.0 (26.1) ( 20.1) 6 0 . 6 125. 1 ) 
F r 4 9 1. 14r l a -- L0 7 . 0 (44.81 158.5 157.3) 144.5) 77.4 (38 . 1) 11 3 .0 14 6. 9 ) 

crotcn.n s '5 


P'ra~escen !i 8 . 2 (3.4) 13. 1 I 4.7) 8.2 (3 . 3) 23 . 4 Ill. 5) 13.2 ! 5.5) 

Tota l 2 38 .Q "i76.7 244:8 2OJ:l 240.9 
 •

(a 11 phy t o p lank. ton I 

13.7) 3 . 5 ( 5.5) 8.3 I 8.3) 12 0 .6) 7.9 i l0 . 9) 
IU. 2) 7.5 (11 . 8) B.o I 8.0) 111.11 8.3 111.5) 
130 .8) 12.5 (19.7) 2 2 . 0 12 2.0) 140 . 0) 12B.2) 

(l2 . 7) 15 . 0 (2). 6 ) 12 .0 112. 0 ) 8.6 I 9 . 5) 1 0 . 0 11 3. 8) 
! J .7) 5 . 5 I 8 . 7) 12 . 3 il2. 3) 1. 5 11.7) 5. 2 ! 7 .2 ) 
I 1.1 ) 4 . 0 I 6. 3 ) 8 . 7 I 8. 7) 3.4 13.7) I 5 . 8) 

6U" 100:0 90:8 

I 7 . 6) 3.0 I 5 . 6) 6. 7 ! 4.41 3.9 110 . 3) 4 . 1 ( 5.9) 
114 . 8) 115 . 9) 13. 0 ( 8.6) 6 . 7 117 . 7) 8 . 4 (12 . 1) 
( 2 2 . 4) 110.)) 2 ) . 7 (15.6) 3.7 I 9 . 8) 10 .2 114 . 6) 

I 8.41 8 . 5 115.91 20. 0 113. 2 ) 6.6 117.5) 9 . 5 113 . 6) 
(IL l ) 7.0 113.11 2 2 .7 (15.0) 3.1 I 8.2) 9.4 (13.5) 
I 7. 6 1 4 . 5 I 8.4) lJ . O I B.6) 3.3 I 8 . 7) S. 9 I 8 . S) 

'S'3:S i5T:7 ""'iT.9 ~ 

Early 	 Ml!los i r a i t aLIC" 0 . 3 12.2) 1.1 17.11 3 .2 ( 6.7) 2.1 I 5 . 5) ( 5.9) 
A,Ui:Just 	 Achnan t hea 1.6 (11 . 7) 0.3 I 1.9) 2 . 0 1 4 .2) 14 . 4) ( 4. 8) 

~l a f o r mo«a 1.1 I B. O) 3 .3 12l.3) 2 . 2 I 4 .6 1 10.9 12 8 .4) 4.4 (1 5 . 2 ) 

Pr a g Llari a 0.4 ( l. 9) 116 . 11 2 .) I 4 .8) 3.5 I 9 .1) 2.2 I 7.6) 


c r o t o nen.5i s 

fraql1ar u VLr••cens S . ~ 140.1) 2. 0 112 .9 ) 14. 0 12 9 .2 1 5 .0 (13.0) (2 2 . 8) 

~ Oil p i U ,ta 1.. 4 11 0 .2) 1.) I 8 . 4) 116. 7 ) 5.5 114.3) 4 . 1 114 . 2) 

Ni t :riichi a r e'C'tA ~ 14 . 4) 0.5 1) . 2) 2.4 I 5.0) 2 . 7 I 7 . 0) 1. 6 15.5)

--To- l-- 1).7 """"is:S ~ l8.4 ~ 

Lat f1e1os ir4 i. t a li c a 0 . 2 12 .5) 11.4) 0 .8 ( 2 .5) l.4 I 2.9) 0. 7 ( 2 . 7) 

AugUlit ~e- - 0. 4 I 0 .6 14.11 2 . 2 I 6 . 9) 1.6 13.3) 1. 2
. - 5. 0 ) I 4.6) 

~l f o r llDsa 0. 4 I 5. 0 ) 1.1 17.6) 0 . 3 I 0.9) 5 . 4 Ill. 1) l. 8 I 7. 0) 

t r a 91 1ar i a. - - 0 . 1 I '. S ) 1.1 I 7.6) 1. 5 14.7) I 5 . 8) I 5 . 4) 


cro ton6llSi~ 

f'r39ila. n a v i r.l~n& L. 9 12 3 . 8) 2.7 (18 . 6) 5 .7 117.8) 4.3 I 8 . 8) J .7 114.)) 

~capi t.. ta 1. 2 (1 5.0 ) 2 .3 11 5 .9) 6 .3 (1 9 .7) 6 . • 113 . 2) 115.9) 

N1 tz.Schia t'ec tA 0 .4 ( 5 .0) 17. 6 ) 3 . 7 111. 6 ) 4. 2 I 8 .6) 2 .4 I 9. 3) 

~i~ 0 .6 17 . 5) 18.3) l.5 I 4 .7 ) 11 2.)) 2. 3 I S. 9 1 
~ 

To t al --a:o 	 ""'j'2.Q 48.6 25.8 

Se p t . 	 Me l~ ira WiCb 0 .'5 12.6) 12.)) 0 .4 12.3) 1 2. 4) 0.5 I 2 . 3) 

~-.-- I. J 16 . 7) 0 .4 1 2.3) 0.7 I 4. 0 ) 2 . 0 I 6 . 11 1 .1 ( 5. 0) 

~l ... tOl'·fft) s ,]. 2 . 9 11 5 .0) 0. 6 1)·4) 111.7) 3.4 (l0.3) 2.2 110.11 

F"caqi l..rt a - - 1 2. 11 0 . 2 11.1) 1.5 I 8.7) 0.9 ( 2 .7) O. B 13.7) 


c r ot.onM.8ts 

f raqi lAr ia VIrDKJ!!ruI 2.7 114. 0 ) 1.7 19.7) l.3 (1 3 .1 ) 6.2 11 8 . 8) (19 . 7) 

Navl Cllla cap l t.ata 4 .0 120 .7) 5. 8 (33.11 2 . 6 11 5 . 01 5.4 11 6 .4) 4.5 (20 . 6) 

Ni tz.a;Ch ia r ectA O ~ S I 2 . 6 1 1.6 I 9. 1) o. I 5 . 2 1 2. 1 I 7 . 0) 1. 3 I 6 . 0) 

~-- 0.7 I 1.6 ) 0.8 I 4 . 6 ) 0 .6 I ) . S) 1 . 0 ( ·3 . 0) 0 . 8 ( 3.7) 

~a..U; cus 0 . 8 14.11 1. 9 110 . 8) t.B 11 0 . 4 ) 2. 0 I 6.1) 1. 4 I 6.4) 


Tot,a 1'9":') l7.5 """"i1:J" '""3"l.O """2f:8 
ll o.na ity units: c e ll . per . 11 11 liter (al- ) 

2percent of total phytopl ankton density. 

Sou.rce, : MoodloQrd-Envi con. Inc .. A.naly.t. , 1974. • 
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NUMBER, LENGTH AND WEIGHT OF FISH COLLECTED IN THE KNIFE RIVER 
DRAINAGE 

~PRING CREEK STATION 1 

Month SEecies ~ 
Length 

Min-Ma x 
( mm ) 

_ x_ 
Weight 

Hin-Max 
(g) 

_It_ 

Hay White sucker 
Carp 
Iowa da rter 
\/a lleye 
Northern rcdbelly dace 

Total 

4 
2 
2 
1 
1 

10 

99 - 258 
465 - 520 

47 - 5 0 
272 

5 8 

170.8 
492.5 

48.5 

10 - 102 
1465 - 1500 

1.0 - 1.5 
160 
1.7 

47.9 
982.5 

1.2 

June Shorthead redhorse 
Sand shiner 
White sucker 
Carp 
Creek chub 
Iowa darter 

Total 

5 
3 
2 
1 
1 
1 

lJ 

-262 - 394 
40 46 

282 - 404 
495 

70 
29 

300.6 
44. a 

J43. a 

164 - 562 
0.7 - 1.1 

232 - 734 
1474 

3 . 4 
0 . 2 

264.4 
0.9 

367.0 

July White sucker 
Sand shiner 
Carp 
Blackno se dace 
Shorthead redhorse 
North_ern pike 

Total 

107 
29 
20 

3 
1 
1 

161 

38 - 218 
40 - 60 
24 - 36 
29 - JJ 

155 
637 

49 . 2 
51. 4 
20.8 
30.3 

0 . 6 - 129 
0 . 5 - 2.3 
0.1 - 0.8 
0.1 - 0.2 

40 . 5 
1588 

4.4 
1. 4 
0.4 
0.1 

August Sand shiner 
White sucker 
Shorthead redho["se 
Carp 
Northern pike 

159 
72 

8 
3 
2 

23 - 65 
40 - 156 
38 48 
62 - 480 

448 - 574 

48 .8 
68. a 
43 .0 

155.2 
511 

0.2 - 3. a 1.5 
0.9 - 46. a 3.6 
0.7 - 1.5 1.0 
3 .7 - 1474 375.6 

910 - 1229 1070 

Walleye 
Iowa darter 
Northern redbelly dace 

Tot al 

1 
1 
1 

2IT 

258 
28 
56 

152 
0.2 
1.9 

September Sand Shiner 
White sucker 
Shorthead redhorse 
Carp 
Blacknose dace 
Northern pike 
Iowa darter 

Total 

236 
1 4 
13 

6 
5 
1 
1 

I76 

25 - 70 
70 100 
46 - 305 
52 - 121 
4 5 - 57 

384 
Jl 

46.4 
82.7 
96.2 
93.2 
50.4 

0.1 - 3.6 
3.9 - 10.8 
1.4 - 252. a 
2.8 - 30 . a 
0.9 - 2 . 1 

32 4 
0.3 

1.3 
6.6 

35.9 
17.1 
1.4 

October Sand shiner 
White sucker 
Fathead minnow 
Shorthead redhorse 
Iowa darter 

Total 

384 
4 
2 
1 
1 

")""92 

35 - 64 
93 - 197 
34 - 40 

195 
37 

42. a 
137 

37. a 

0.4 -
8.5 -
0.4 -

89.9 
0 . 4 

2.7 
95.4 
0.7 

0.8 
41. 6 
0.6 

KNIfE RIVER STATION 2 

May Sand shiner 
flathead chub 
White sucker 
Fathead minnow 
Blacknose dace 

226 
16 
11 

9 
7 

23 - 68 
86 - 155 
82 - 129 
Jl - 43 
37 - 50 

38.7 
116.9 

96. a 
37.5 
44.1 

0.1 -
6.2 -
3.2 -
0.4 -
0.5 -

3.2 
39.2 
23.6 
1.1 
1.3 

0.8 
17 .6 
13.6 
0.7 
0.9 

River carpsucker 
Shorthead redhorse 
Stonecat 

Total 

3 
3 
3 

278 

46 - 60 
116 - 269 

44 - 49 

55.0 
171.6 

47.3 

1.1 -
17.6 
1.0 -

2.3 
220 

1.6 

1.9 
87.2 
1.4 

June Sand shiner 
Flathead chub 
White sucker 
Shorthead redhorse 
Fathead minnow 

120 
8 
5 
4 
3 

25 65 
63 - 119 
89 134 
72 - 305 
35 - 37 

38.4 
104 . 3 
105.4 
162.8 

36. a 

0 . 2 -
2 . 5 -
7 . 8 -
4 .0 -
0.5 -

2.8 
17.5 
25.4 

258 
0.7 

0.7 
12.5 
13.1 
79 . 8 
0.6 

Black.nose dace 
Cteek chub 
walleye 
Iowa darter 

Total 

1 
1 
1 
1 

IT4 

55 
130 
174 

55 

2. a 
22.2 

66 
1.7 

July Sand shiner 
Flathead chub 
Blacknose dace 
Shorthead redhorse 
White suck.er 

87 
7 
5 
4 
3 

26 - 53 
114 - 163 

29 - 70 
60 - 268 

105 - 134 

39.4 
133.1 

39 . 0 
164 . a 
124 . 0 

0.2 -
14.4 -
0.3 -
2.5 -

12.5 -

1.6 
44.5 
4.5 

178. a 
26.3 

0.7 
23.6 
1.2 

86.3 
21. 2 

Walleye 
Iowa darter 
Goldeye 
Northern redbe11y dace 

Total 

2 
2 
1 
1 

m 

200 - 226 
33 - 46 

55 
63 

213. a 
39.5 

78. a - 110. a 
0.4 - 1.3 

1.3 
3.3 

94.0 
0 . 8 

August Sand shiner 
White suck.er 
Shorthead redhorse 
Carp 
Flathead chub 

179 
40 
13 

9 
6 

25 - 63 
5 4 - 158 
33 - 117 
45 - 75 

llO - 160 

44.9 
82 . 4 
56.6 
55.7 

142.5 

0.1 -
1.7 -
0.6 -
1.6 -

12.2 -

2 . 8 
46 . 2 
17.4 

6.8 
38.6 

1.0 
8 . 6 
3.5 
3. a 

28.5 

Creek chub 
Lake chub 
Fathead m.lnnow 
Stonecat 
Iowa darter 

Total 

5 
3 
2 
2 
1 

260 

46 - 52 
26 - ]5 
39 - 40 

104 - 105 
Jl 

49. a 
31. 3 
39 . 5 

104.5 

1.1 -
0.2 -
0 . 5 

13.4 -
0.3 

1.6 
0 . 6 
0.6 

14.2 

1.3 
0.4 
0.6 

13.8 

(continues) 
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Lensth (nun) Weight (s) 

Month S~ecie9 NWllber Min-Max x Min-Max x 
 •
September 	 Sa.nd shiner 268 21 - 70 42.9 0 . 1 - 2.9 0.9 


Shorthead redhorse 21 40 - 120 64.5 0.7 - 18 .9 4.8 

White Bucker 9 60 - 172 13) . ) 2.3 - 55.2 31. 3 

Creek chub 5 56 - 62 58.0 1.9 - 2.5 2.1 

Carp 5 60 - 70 65.8 3.8 - 5.6 4.9 


/ Flathead chub 3 53 - 119 89.0 1.7 - 16.7 9.0 

Fa thead minnow 2 41 41 0.6 0.6 

Blacknose dace 1 75 5.2 

Ri vee carpsucker _ 1 67 4.0 


Total TIS 


October 	 Sand shiner 60 ]0 - 62 46.8 1.1 - 3.3 2.0 

Fathead minnow 57 32 - 61 46.3 0.4 - 2.6 1.2 

I'lathead chub 36 42 - 162 95 . 1 0.6 - 40.0 14.8 

Creek chub 19 54 - 122 64.5 1.6 - 18.0 3.5 

White sucker 11 74 - 191 127 .4 4.5 - 64.0 27.0 


Carp 7 55 - 71 64.7 4.0 - 6.9 5.4 

Ri ver ca_rpsucker 6 55 - 147 79.0 3.1 - 47.0 11.3 

Blacknose dace 2 38 - 45 41.5 0.6 - 0.9 0.8 


Total ill 

SPRING CREEK STATION 3 

May 	 Shorthead redhoc'Be 136 - 287 211. 2 24.7 - 225.0 123.2 

White sucker 186 - 335 237 .0 78 - 398 237 .0 

Carp 435 - 520 417 .5 1300 - 2000 1650 

Stonecat 125 - 141 1]3.0 20.7 - 38.3 29.5 

Blackno.s_e dace 49 - 58 53.5 1.1 - 1.2 1.2 


Sand shiner 2 59 - 90 74.5 1.8- 7.5 4.6 

Fathead IIlinnow 1 67 3.4 


Total ""TI 


June 	 Sand shiner 6 28 - 47 37 .0 0.3 - 1.0 0.6 

White sucker 5 65 - 358 161. 8 3.0 - 396 103.7 

Shorthead redho_cse 4 145 - 340 274.2 29.0 - 356 224.8 

Iowa darter 2 41 - 49 45.0 0.8 - 1.3 1.0 

Flathead chub 1 175 56 

Northern redbelly dace 1 59 1.4 


Total --rr 

July 	 Whi te Bucker 59 29 - 40 )).3 0.2 - 0.8 0.4 

Sand shiner 19 34 - 46 42.9 0.6 - 1.3 0.8 

Shorthead redhorse 5 261 - 419 332.4 148 - 736 363.6 

Blacknose dace 3 33 - 50 39.0 0 . 4 - 1.6 0.8 

Carp 2 39 - 40 39 . 5 1.3 1.3 


Northern pike 1 271 94 

Northern redbelly dace 1 46 1.2 


Total 90 


August 	 Sand shiner 128 30 - 60 48.0 0.3 - 2.2 1.2 

White sucker 122 22 - 166 58.1 0.2 - 59.6 3.3 

Carp 39 29 - 85 53.3 0.4 - 11. 8 1.0 

Blacknoae dace 23 28 - 112 50.1 0.2 - 16.1 2.2 

Stan.cat 5 30 - 144 97.2 0.2 - 36.7 19.7 


Fathead minnow 1 35 0.6 

Flathead chub 1 150 35.7 
 •
Bra••y minnow 1 64 2.6 

Iawa darter 1 43 0.7 


TIT 

September 	 SanJ1 shiner 291 27 - 63 44.5 0.2 - 2.4 0.9 

lilhite sucker 60 55 - 146 69.6 2.2 - 34.1 4.4 

Shorthead redhorse 45 36 - 140 46.4 0.6 - 30.4 1.7 

Carp 41 35 - 79 55.8 0.7 - 9.3 3.6 

Blacknose dace 33 H - 85 42.6 0.2 - 6.3 1.0 


Fathead minnow 10 43 - 51 47.4 0.9 - 1.6 1.1 

Fla thead chub 6 130 - 180 157.2 21.0 - 60.0 39.6 

Stonecat 2 30 - 165 97.5 0.3 - 52.0 26.1 

Northern redbelly dace 2 38 - 43 40.5 0.5 - 0.9 0.7 


Total no 
October 	 Sand shiner 156 27 - 63 40.0 0.1 - 2.6 0.6 


Fathead oainnow 12 H 65 42.8 0.4 - 3.2 1.0 

White sucker 9 55 - 232 98.2 1.8 - 146.0 11.2 

Blacknoae dace 8 35 - 75 49.1 0.5 - 4.6 1.7 

Shorthead redhorse 6 41 - 50 44.8 0.9 - 1.5 1.2 


Carp 2 40 - 55 47.5 1.2 - 3.1 2.2 
Northern pike 1 322 218 

Stonecat 1 30 0.5 

Iowa darter 1 54 1.6 


Total 196 

KNIFE RIVER STATION 4 

Kay 	 Sand shiner 23 36 - 72 46.9 0.3 - 3.3 1.0 

81acknose dace 5 4S - 68 59.2 0.9 - 2.9 2 . 2 

Flathead chub 3 97 - 159 124.3 8.6 - 38. ) 20.6 

White sucker l. 78 5.2 

Shorthead redhor8e 1 275 211.6 


Total 33 

June 	 Sand shiner 64 30 64 43.9 0.3 - 2.4 0 . 9 

B1ack,noae dace 4 . 48 - 76 58.3 1.1 - 5 . 0 2.4 

Flathead chub 4 83 - 173 113.8 5.5 - 44.3 17 . 8 

Shorthead redhorse 4 61 - 176 98.8 2.6 - 58.7 17 . 7 

Emerald shiner 1 76 3 . 3 


Total -n 

(continues) 
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• Length (mml Weight ('1 1 
Month Sp.,:!cies Number Min-Max x Min-Max x 

July 	 Sand shiner )74 17 65 43.7 Tr2 - ) . 4 1.0 
Fathead minnow )8 )9 - 51 44 . 8 0.5 - 1.5 1. 0 
White sucker 16 20 - 205 54.0 O. ) - 98 . ) 9 . 7 
Stonecat ) 7 5 - 165 108 . ) 8 . 0 - )6 . 6 1 6 . 4 
Blacknose dace 2 72 - 74 7) . 0 4 . 6 4.6 
Carp 1 420 902 

Total ill 

August 	 Sand shiner )40 28 67 50.2 0.1 - 2.6 1.4 
Shorthead redhorse 2) )5 284 76.2 0.4 - 174 14.2 
Carp 2) 4) - 468 72.2 1.4 - 1077 49. ) 
Fathead minnow 18 )0 - 54 45.6 0 . 5 2.0 1.) 
Fl athead chub 1) 50 - 158 121. ) 1.4 - 34.2 20.4 

Channel catfish 12 )l - 55 43.2 0.2 - 1.4 0.7 
Creek chub 4 51 - 95 6).5 1.4 8.9 ).4 
White sucker 4 51 - 54 5) . 0 1.4 - 1.7 1.5 
Bla cknose dace 2 )l - 42 )6 . 5 0.4 - 0 . 8 0 . 6 
Stonecat 1 84 6 . 5 
Sauqer 1 )90 )84 

Total ill 

September 	 Sand shiner 434 25 - 57 )8 . 4 0 . 1 - 2.0 0.6 
Fathead minnow 57 29 - 65 )9.5 0 . 2 - 3.2 0.7 
Shorthead redhorse 16 4) - 215 75.9 1.0 - 98.1 10. ) 
Fla thead chub 7 1)0 - 177 155.6 20.2 55.8 )2.6 
Channel catfish 45 - 49 46.5 1.0 - 1.2 1.1 

White 5U,cker 6 75 - 2)0 169.5 5 .1 - 298 81. ) 
Blacknose dace 5 )7 - 46 41. 6 0.7 - 1.1 0.8 
Creek chub ) 5) - 75 60.6 I.) - 4.3 2.4 
Carp ) 58 - 65 62. ) ).1 - 4.6 3.8 
River carpsucker 1 )4 0.) 

Total 5f8 

October 	 Sand shiner 450 26 - 65 41.0 0.1 - 3.0 0 . 9 
Fa thead mi nnow 168) )2 - 62 )8 . 4 0.4 - 2.7 0.9 
Fla thead chub 21 67 - 175 1)9 . 9 ).6 - 56 . 0 )0. ) 
Sharthead redhorae U 45 - 274 95.1 1.1 - 180 . 0 22.4 
Carp 6 50 - 71 63.) 2.) - 6. ) 4.7 

White sucker ) 65 - 120 91.7 3.) - 20.0 10. ) 
Creek chub 1 68 3.7 
River carp8ucker 1 51 1.8 

ill 

KNIFE RIVER STATION 6 

• 
May Sand shiner 22 28 - 65 42 . 1 0.2 - 2.4 0.8 

White sucker 7 70 - 108 82 . 7 ).5 - 11. 4 6.4 
Flathead chub 2 12) - 126 124.5 19 . 6 - 23.1 21. ) 

Total 3T 

June 	 Sand shiner 76 24 - 69 40 . 4 0 . 2 - ) . 5 0.8 
Shorthead redhorse 14 6) - 92 71.4 2 . 8 - 8 . 0 4.1 
White sucker 6 87 - 117 t04 . 8 5 . 6 - 14 .8 10.6 
Fa thead rainnow 2 54 - 55 54.5 1.6 - 1.9 1.8 
Flathead chub 2 112 - 114 128.0 16.4 - 29.4 22 .9 

Total ill 

July 	 Sand shiner 16 24 - 54 )8.7 0 . 1 - 1.6 0.8 
Carp 1) 25 - 34 27.4 0.2 - 0.5 0.4 
Whi te sucke r 9 2) - 1)0 41.7 0.2 - 24 .0 ).0 
Fathead minnow 5 )6 - 47 4).4 0.6 - 1.4 1.0 
Blacknose dace ) )4 - )9 )7 .0 0.4 - 0.8 0.6 

Total 46 

August 	 Sand shiner 70 27 - 60 )3.4 0.2 - 2. ) 0.4 
Shorthead redhorse 16 40 - 135 57 . 8 0.7 - 27 . 2 4 . 5 
Fa thead minnow 6 25 - )8 )0. ) 0.1 - 0 . 7 O. )
Channel catfish 4 41 - 50 45.) 0 . 7 - 1.1 1.0 
White sucker 2 125 - t34 129.5 22.0 27.7 24.8 

Carp 1 )l 0.4 
Creek chub 1 46 1.2 
Sauqer 1 )05 162 
Walleye 1 28) 138 

Total 102 

Septellber 	 Sand shiner 246 21 - 62 )7.1 Trl - 2. ) 0.6 
Shorthead redhorse 40 4) - 137 5).7 O. B - 27.9 2 . 4 
Fathead minnow 20 2) - )) 0.1 - 0.42).8 0 . 2 
Creek chub 8 50 - 66 57. 9 1.6 - ) . ) 2 . 2 
Carp 	 40 - 70 52 . ) 1.4 - 5.9 2.8 

Channel 'catfish 6 )5 - 48 46.2 0 . 5 - 1.) 1.2 
White 8ucJiter 2 61 - 66 6).5 2.9 - ).6 3.2 
Walleye 1 )25 2)8 

Total ))0 

October 	 Sand shiner 278 )4 - 6) 42.1 0.2 - ).7 0.8 
Fathead minnow 17 )2 - 45 )9 . 2 0.5 - 1.1 0.7 
Creek chub 1 6) 2.9 
River carpsucker 1 )6 0.6 
White sucker 1 204 B4 
Shorthead redhorse 1 126 IB 

Total 299 

140 were weiqhed and ....asured. 

2Trace. 

344 were weiqhed and ....a.ured. 

Source: Woodward-Envieon, Inc. , Analysis, 1974 • 
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NUMBER OF MACROINVERTEBRATES PER SQUARE METER AND PERCENT 
RELATIVE ABUNDANCE COLLECTED IN THE KNIFE RIVER DRAINAG , • 

5l2rio9, Creek S t Ad on 1 

Mal June Ju1:t Aug:ust Se2teaber 'l<t.oIHtt 
Nuaber \ o f N!IIOl>e r \ of Number \ o f Number \ of \ o f N\lmDec 1\"'1 . No.. rJ Pe.r ",2 Pa r H2 Tg tal Per ",2 Total ~:) Total Pcr "2 POI" sam Ie~ ~ ~ ~ i"9t.a.j 

_ toda 33.3 9.1 0.8 0.3 12 .5 , 0.1 

0 1 .). qocn... 85.2 23.2 40 . 0 )7.0 6.2 29.6 6.1 66.7 5.9 85 . 2 
 9 . ' 56 .8 

Hyoll il e la aztec. 7.4 1.2 7 . 0 . 8 2. 5 

Ephcn:o n sp. 25.9 4.4 4 . 3 

laeti . sp . 4.0 40.7 6.9 11.1 2.3 10.6 7.4 0.8 30.2 


~.p . 1.0 ).7 4.0 59.3 10.0 11.1 

l.aon ychia . p. 0 . 6 0.6 

~ptophlebl. ap. 51.8 5 .7 8.6 

~.p. 8.0 ).7 270 .4 )0.0 46.9 

Goaphu••p. 0 . 6 14. 8 3.1 


Co rlxidae (A)l 3.7 1. 0 18.5 n . 3 6.9 25.9 2.3 3 . 7 0 . 4 14.2 

51alis .p . 7.4 1.5 3 .7 0. 4 1.8 

HydroP8yche .p . 7.4 1.2 7.4 1.5 66.7 5.9 10 •• 7 . 8 25.3 

Che:\aatoE;s~che sp . 285.2 48.1 9 . 2 240 . 7 21.. 200 . Q n .2 128 . 4 

Pol;tcentroEus sp . 11.1 2.3 1.8 


LeptoceUa sp. 1.2 1.2 

ElaieSa. (L) 2 7.4 1.2 3.3 O.• 9.9 

Tlpulid•• 66 . 6 7. 4 11.1 

Siauliua s p. (L) 18.5 20.0 3 . 7 0.8 1 29.6 20.5 5t. . 2 6 . 2 51.3 

Si.uliUli .p. (P) 3 3.7 0 .3 0.6 


Pentaneurini 4.4 0.8 4.9 

Procladius .p. 7.4 1.2 

Chirona.ua sp. 3.7 1.0 11.1 1.0 2.5 

Cr:t:Etochirono.ua .p. 22.2 6.0 18.5 81.5 16.8 111.1 9.9 3.7 4D.l 

1'o1ypoclUu. op. 44.' 12 . 1 14 . 8 2.5 29.6 6.1 25.9 2.3 19.1 


Strictochiro~u8 sp. 1.5 
Microtendi.~. !lp. 7 .• 2.0 3.7 0.6 10.' 1.2 3 . 6 

Tanytaraus sp. 11.1 3 . 0 3.7 4.0 166.7 34.4 100.0 8 .~ 46.9 

Chiro...id.a. (P) 140.7 18.5 .0 . 7 8.4 3 .3 3. 0 38 . 9 

Cer-at.opoqonldae 7.4 8.0 3 . 7 0.8 25.9 2 .3 H .2 3.4 11.4 

'tahanldae 3.7 0 . 3 14 . 6 1.6 3.0 


Total 366.5 99.8 92.5 100.0 592.' 99.6 485.0 100 . 2 1122.0 99.8 902.6 99 . 9 593.5 

Knife River Station 2 

-.atocia 3.7 0 . 5 7 . ' 1.6 

Ol1qoch.aata 40.7 34.4 77 .8 48.9 18 . 5 2.5 100.0 13.6 29.6 3 . 2 51.8 11.6 53.1 

Hyalella ~ 3.7 0.8 0'.6 

Hexa,enl. sp . "29.6 6.6 4.9 

Epharon sp. 0.5 3.7 0.4 1.2 


katia . p. 174.1 18 . 5 2.5 11.1 1.2 3.7 0 . 8 )4,6 

Caenil! .p. 0.4 7.4 1.6 1.8 

Isonychl. s'p. 18.5 2.5 
 •
Lept.ophlehla sp. 3.7 o. ~ 0.6 

~sp. 3 . 7 14.8 9.3 59 . 3 48 . 2 6.6 181.5 19.9 107.4 24. \1 69.2 


( c ontinues) 
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• May June July Auqust Septetftber October 

/ 

Number \ of Number NWn1::H..'r \ of Number 'of Nu.ber 'of Number \ of Avg. No . 
'-'e l"!"!,2 Total Per M2 Total ~ Told i Per:12 Total ~ Total ~ Total Per Sa_pIe 

Heptaqen La sp. 6.1 7." 
eo.nphus !ip . 0.4 0.6 
Corlxidae (A) 18.5 3.1 
51.alis sp. 3 . 7 37.0 4.1 1.6 
Hydropsyc he sp . 21.9 14.8 2.0 133.3 14.6 0.8 32.7 

Cheumatopsyche sp. 7.4 6.2 325.9 44 . 7 407.4 55.6 411.1 4 5.1 20 7 . 4 
Polycentropus sp. 3.7 0.5 0.6 
El",idAc (A) 11.1 3.7 0. 4 2.5 
f;lmidae (L) 7.4 6.2 11.1 2 . 5 
Tipulidae 14.8 3.3 

Si~uliUIII (L) 25.9 3 . 5 51.8 5.7 37.0 8 . 3 
SilluliWi (P) 7.4 0 . 8 1.2 
~rinl 0 . 5 !l.1 1.2 3.7 0.8 1. 1 
Cryptoc:hironolftus sp. 14 . 8 3. 7 0. 4 3 .7 
EndochironOllllU5 sp. 59.3 8.1 9.9 

Strict'ochironOinus sp. 3.7 2.3 0.6 
Microtendipes 5p. IB.S 15.6 37 . 0 5.1 3.0 18.5 4 . 1 16.0 
Tanytarsus sp. 3.7 3.1 18 .S 11.6 0. 4 4.3 
ChironOalldae (P) 7 . 4 3.7 0 . 5 0. 4 3.1 
C~z:atopoqon idae 3.7 5.0 4 . 3 

Ta.banidae 14.8 11.1 1.2 0. 8 4.9 
SpnaeriWII 5p . 3.7 3.1 0.5 0.5 

Total 118.499.8159.299.9729. 599.8733.399.9910.999.8447.9 516.4 

Spring Creek Station 3 

-.otoda 18.5 13.5 7 . 4 1.4 3.7 11.1 1.0 
01 iqochaeta 40.7 22.2 16 . 2 111.1 21.0 33 . 3 3.1 88.9 2.6 54.3 
HYdlella aztec'" 7.4 1.4 51.~ 9.9 
Perlesta 5p. 3 . 7 0.7 0.6 
Hexagenia 9p. 11.1 1. 0 1.8 

EphOron sp. 7 . 4 3.7 7 . 4 0.9 3 . 1 
Raeti$; sp . 14.8 2.8 7.4 0.7 14.8 3.7 0.3 7.4 
~ythode5 sp . 11.1 1.0 3.7 0 . 4 3 . 7 0.3 3.1 
C::.cni s sp. 2.7 18.5 3 . 5 3.7 0.3 11.1 1.2 6 .2 
Isonychia sp. 14.8 2.8 14.8 1.4 3.7 0 . 4 5.6 

• 
Leptophlebla sp. 0.3 0.6 
Stenone~ sp. 11.1 8.1 14.8 1.6 15.1 32.7 
Gomphus sp. 7.4 0.8 1.2 
~sp. 3.7 0.4 0.6 
Corlxidae ].7 2.7 7.4 329.6 30.9 240.7 25.1 3.7 0.3 

Sial is sp. 14 . 8 2.5 
Hydropsyche sp . 5.1 7.4 5 . 4 133 . 3 25.2 251.8 192.6 20. 1 -203.7 132.7 
Cheuala topsyche ~p . 55.7 10.5 244.4 29 . 0 337 .0 29.9 152 .5 
Polycentropu9 sp. 0 . 6 
r..eptoce 114 sp . 7 . 4 1.4 1.2 

~sp. 7.4 0.6 1.2 
ElII.idlle ( A) 3.7 2 . 7 11.1 2.1 2.5 
£lludae ( L) 3 . 7 2.7 0 .7 3.7 29.6 3.1 7.4 0.6 8.0 
Tipulidae 70 . 4 6 . 2 11.7 
Sltauliu. sp. (L) 48.2 35.4 18.5 3.5 3.7 0 . 3 18 . 5 1.9 11.1 1.0 17.3 

~sp.(PI 2.5 
Pentaneur ini 3.7 0.3 0.6 
Procladiu5 sp. 3.7 2.7 0.6 
Cryptochironoaus sp. 3 . 7 0.7 11.1 1.0 3.7 3.1 
Endoch i ronOftilus 9p. 40.7 3.8 6.9 

Polypedilu. 9p. 18 . 5 12.8 3.7 0.7 4.3 
Strictochironoa'lu f> sp. 7.4 5 . 1 1.2 
Hicrotendiees sp. 63 . 0 43.6 70.4 13. 3 5.2 162.7 14.4 63.3 
Oia.eslnae 3. 7 2.6 3.7 14.8 1.3 3 . 7 
Chironc:.idae (P) 3.7 7 . 4 1.4 7.4 3.7 0.4 3.7 

Tabanidae 3.7 0. 3 0.6 
~sp. 3.7 0.3 3. 7 0 . 4 18 . 5 1.6 4.3 
Sphaeril.lll sp. 7 . 4 0.3 11. 1 1.0 3.7 

Toul 144 . 4 100.0 137.0 100.2 529.6 100.2 1066 . 4 957.4 100.2 1125.5 99.5 660 .2 

ltrIite River Station 4 

,..tod. 3 . 7 1.5 2.4 14 . 8 2.9 14.8 I. 5 6.8 
01 i90Chaeta 100 . 0 41.7 203.7 11.1 11.1 0.1 2.2 59 . 2 
[pooron sp . 74.1 14.5 3 . 7 0.4 13 . 0 
8aetis 5p . 11.1 1.6 29.6 7 . 4 0.8 8 .0 
Pseudocloeon sp . 3.7 1.1 

Tr ieoryt.hodes sp . 7 . 4 0 . 8 1.2 
C.enis sp. 1.5 11.1 2.2 3.7 0 . 4 3.1 
I sonychia sp . 11. 1 2 . 2 1.8 
Leptophlebi. sp . 7 . 4 0.8 1.2 
~~ .p. 18.5 7 . 7 3 . 7 1.2 8 . 7 85.2 Ill. I 33.7 303 . 7 31.1 94.4 

(continues) 
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MAy Jur..e J uly Al!9uat septC!mber Oct.obe r 
Nwaber 'of lI\aber ' of Nuaber 'of Nu.ber 'of NtmIbe ~ 'o( NWftber '\ of Avq . Ho. 

~~~TOtal ~~ ~~ ~ Total ~~ Pe r SAllp l~ • 
J 

!f rugenia .p . 2.2 ) . 7 0. 4 22 . 2 6 .7 6. 2 

OoIIopl!lIS sp. 1. 8 

Cori.ldae 11.1 2 . 2 1. 8 

5 aU s . p . ) . 7 0.4 

!fTdrops yene sp. )7.0 15 . 4 7 . 4 2.4 51.8 10 . 1 85 . 2 8 . 6 14.8 4.5 148.1 15 . 2 57.4 


Che\IU toPlyche gp . 25.9 10 . 8 2.4 151.8 29.7 588 .9 59 . 6 18.5 5 . 6 )51.8 )6 .0 190 .7 

I 	 Eald • • (A) 3.1 0. 7 1.2 
Elaldu (C) 7 . 4 3 . 1 2.2 0 ..\ 
Tipu 1 id.e 37 .0 ~. 8 6.2 
Saul .... (C) 59. J 19.1 3 . 7 1.1 7.4 0.8 11 . 7 

Saul ... CP) 48.2 9.4 S .O 

~rini 7.4 3.7 18.5 5 . 6 4.9 

Chironc.1U lIP. 2 . 2 1.2 

~noau ••p. 1.4 14.8 4. 5 ) . 7 

andocl1ironraus .p. 81.5 8 . 2 Il. & 


' ar..tendipea .p. 1.5 1.2 

Sty- c tochirono.us .p. 3.7 1.2 

Microtendiee••p. 11.1 4 . 6 55 . 6 10. 9 37 .0 3.7 33.3 10.1 33 . 1 28.4 

TanyUr.uI .p. 11.1 4.6 2.2 1 . 1 

Di ..... iMe 3.7 1.2 1.2 


CriCotoeul .p. 3 . 7 1.5 1.2 

Ch.ironc:.i du IP) 7 . 4 3.1 3.7 0.7 3 . 4 22 . 2 6 . 7 11. 1 

Ceratopogon.id•• 7 . 4 2 . 2 3.7 0. 4 1.8 

Tab&nid.oe 48.1 4 .9 8.0 


240.6 100.0 311d 100 . 2 511.0 100.0 988.8 99.1 329.4 499.6 977.5 100.3 558.6 

lCni te Ri.ver Station 6 _ toda 
a.2 3 . 7 3 . 2 0.9 1.8 


011_""ta 48.1 28.3 7.4 6 . 4 40 . 7 8.7 29.6 4 . 8 118.5 15.1 

...rle. .-p. 3.7 

!pI!OTon .p. 55 . 7 11 . 8 9 . 3 

_til lIP. 11.1 9.7 33.3 7.0 18.5 3.0 3.7 0. 5 11 . ) 


Trlcorx'thodel .p. 11.1 2.4 3 . 7 0.6 3.7 0. 5 l . l 

Caeni••p. 22.2 4.7 18 .5 3 . 9 b 8 

I80nxchl. ap. 3.2 22.2 4.7 '.l 

IAptophlobla op. 25.9 3.3 

!!.!.!!2!!!!!. .p. 55.7 11.8 70 .4 15.0 251.8 41.2 507.4 64.6 147.6 


Repta9!nl••p. 14.8 3.1 7.4 1.6 0.6 4.3 

~op. 3 . 7 0.5 0.6 

Corixl4M 140.7 29.7 111.1 21 . 6 63.0 10.3 52.5 

51all••p. 11.1 1.8 1.8 

HydroplxcM !lp. 14 . 8 12.9 44.4 9.4 1.8 7 . 4 0.9 13. 0 


Che-.atoP!XCM .p. 3.7 2.2 40 .7 35.5 14 . 8 3.1 118.5 25.2 114 . 8 18 . 8 85.2 10. 9 

PolyC!nUOl!U! Ip. 0.5 0 . 6 

Leptoc.U. op. 7.4 1.2 1.l 

~op. 3.2 0.6 

lai d.oo CA) 	 l.7 0 . 9 3.7 0.6 1.2 •
Eaid.oe CL) 7 . 4 11.1 1.4 3.1 

Tipulida. 0.9 1.2 

s~U.. CL) 11.1 9.7 7.4 0.9 3 . 1 

Pe.ntAneur in! 1.6 3.70.8 3.70.6 2.5 

~tochiro~••p . 3].3 19.6 8.6 11.1 2.4 ' 37.0 6.1 20.4 


bxIoc:hlrono.ua .p. 14 . 8 3.2 2.5 

PolxpedU...p. 48.1 28 ..3 3.7 3.2 8.6 

Paralauterborn1ella .p. 7.4 1.6 

Microtendipea .p. 1.7 2.2 '.4 1.6 14.8 3 . 2 6 . 1 10.5 

TanyW.....p. 18.5 10.9 18.5 3.9 6 . 2 


O\uonca1dae CP) 3.7 7.4 6.4 11.1 2.3 ~. 7 0.8 7.4 1.2 5.6 

C.ratopoqonidae 3.2 1'.8 3.2 1.2 


170.2 100.2 114 . 7 99.8 474.1 100 . 4 470 . 2 100.3 610 . 9 99 . 9 785.1 99 .. 437. 6 

1 Adult 
l • 

Lon.. 

3 Npao 

SO\arhI ~-EnYiC'on. Inc., Analyaie, '1974. 
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Appendix H• Animal Numbers Lost During Construction and Mining 
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• 
/ ESTIMATED NUMBERS OF INDIVIDUALS OF FAUNAL SPECIES 

CORRESPONDING TO EXPECTED H ABI TAT LOSS RESULTING FROM 
CONSTRUCTION OF THE PROPOSED COAL GASIFICATION FACILlTyl 

l
IIUlllber o( Individl.14l1

Red-v1nq_d blackbird 77 

Pied-bi Ued grebe 
&ared '1rebe 

Br."er' a blAckbird · 
COInIaOn ~r.c;kl. 

PintAil 22 
~Uard l2 

lrown-h••ded cowbird 
Gad..aU Orchard or 101. 

8al t.imore or iol. 
Blue-vinqec1 t.al 14 
Shoveler 19 

Ro••-breasted qrosbeu 

Jluddy duek N AIDer lean qo ldf inch 

Amer ic:an coot 28 Dicke i._l 
Sora Rutous-a ided tow.e 

Grasshopper sparrow P 

Upland plover 2 
1U1lde.. H 

BairdI. sparrow N 

Willet Lark bunting 118 
Wil.on'. phoo laro"," 16" ViIIl:fHlt .~rrov 6 

Black tern Clay-colored sparro\ol 

Song sparro w 
Rin'i-necked phunnt 
SMrp-t.Alled grou•• 

McCown'. long.pur II 

Gray partrid'ie Ch•• tnut-colldd long.pur 1] 

~nh hoowk 
Cooper'. havk 

Sva lnaon I. hid 

Gr.at-horned owl 
 H.aaked .hr." 
lW'rovin9 owl "nlirteen-lined ground 'Quirrel 
a..ck clove Norchern pocket gopher 
MD~·ninq dove 

• 
Wyvming pocket aKJUSti 
Deer mou..se 

alack-billed cuckoo 
CoD'DOn nighthawk Northern grasstiO;>pcr mouse 
Belted kingfi.her Boreal red-wcked vo le 
Yello_.hafted Clicker Prairie vole 
~.tern kin-;blrd House lnOuse 

Meadow jumpinq mouse 
Wut..n kin'lbird 
Eutern p hoebe ~ccoon 

TTaill'. f l yc:atc:-her Lonq-tailed weaael 
lAut Clycatcher II Hink 
Horned lark 44 aadqer 

Str iped .kW'lk 

lern ....110.. 12 
c o vot.

'tr.. awallo" 
Red Foxaank ....110.., 
Fox squi..-rel

Rouqh"'''inqed awallo" 
Porcupine

Blue jay 
White-uded jackrabbit 

alack-billed ....gpi. 
&aate..-n cottont.AilCDl!IftOn ~row 
Mulf' deer 

~tl>ird 
Wh.i te- ta i 1 ed dee r

Bro,,", thra.her 
Pronqnorn .lll .• 

Jlr>bin 

Loqqerheod .hr ike 
bphibians and R.epti les

StArling 
Phi ladelphia vires 

Blotched tiqer saltllMnder
Y.llov " .. rbler 

Great Pl.ins toad
OVanbird 

Northern leOpArd froq 
Weat.ern painted turtle

Yellovt.hroat 15 
Plains garter snake

Hou.. aparrow 6 

Bobolink 18 


Red-aided qarter s'nue
W••tem ...adowl.rk t 

We_tern hoqno•••nake
YeUa-hooaded blackbird 14 

Y.Uo_bhled racer 
s.ooth gr"en snAke 
Bull .nooke 

l-.n '1 i ".n are be.ed ,?n 1974 population le-:e1o . 

'_n represent the en;.ated 'p<in'l (breedin'l) popul.tione 

baeed on eito ."""Hie field etudiee, 


' •• no~ ob.erved on propolMd pl&n~ aite, knovn to occur iD the vicinity, 
•• pre.en~ in low W\knovn nUlibera. 

4.._ on ..t;.ated (aU populaUon . l.v.la. 

• 
5..- on otte specific trappin9 studi... 

Source: Woodward-Envicon, Inc., 1974 

H-l 



ESTIMATED NUMBERS OF INDIVIDUALS OF RESIDENT FAUNAL SPECIES 
CORRESPONDING TO 12,500 ACRES OF TERRESTIAL HABITAT INCl.UDED 

IN PROPOSED SURFACE MINES BASED ON 1974 POPULATION LEVEL!; 

,-' 

Estimated 
3 

No. of 2 	 Generalized Habitat Utiliza t i o n / 1 
Birds 	 Individuals A9:ricultural 

Eared grebe 
Pied-billed grebe 
Mallard 
Pintail 
Gadwall 

Shoveler 
Blue-winged teal 
Ruddy duck 
American coot 
Sora 

Killdeer 
Upland plover 
Willet 
Wilson' 5 phalarope 
Black tern 

Sharp-tailed grouse 
Ring-necked pheasant 
Gray partridge 
Cooper's hawk 
Marsh hawk 

swainson' 5 hawk 
Great-horned owl 
Burrowing owl 
Rock dove 
Mourning dove 

Black-billed cuckoo 
Common nighthawk 
Belted kingfisher 
Yellow-shafted flicker 
Eastern kingbird 

Western kingbird 
Eastern phoebe 
Traill's flycatcher 
Least flycatcher 
Horned lark 

Barn swallow 
Tree swallow 
Bank swallow 
Rough-winged swallow 
Blue jay 

Black-billed IMqpie 
Connon crow 
Cat bird 
Brown thrasher 
Robin 

Loggerhead shrike 
Starling 
Philadelphia vireo 
Yellow warbler 
Ovenbird 

Yellow throat 
House sparrow 
Bobolink 
Western meadowlark 
Yello_headed blackbird 

Red-winged blackbird 
Brewer' s blackbird 
Oo1llllOn grackle 
Brown-headed cowbird 
Orchard oriole 

P 

P 


10 

P 


10 


P 
15 


P 

P 

P 


195 N,r 
120 


P 

P 

P 


30 r 
50 N,r 

P N,r 
2 
5 r 

r 
r 

P N,r 
135 r 

P 
P N,r 
P 
P 

250 r 

P r 
P 

P 
P 

1600 	 N,r 

P N,r 
P r 
P r 
p F 
P 

P r 
P r 
P 
P F 

95 	 F 

P r 
P N,r 
P r 

80 

P 


80 
95 N,r 

155 N,r 
915 N,F 

P 

605 N,r 
275 N, r 

P F 
820 N,r 

p 

H-2 


Prairie Wetland WOode d 

N,r 
N,r 
N,r 
N,r 
N,r 

N,r 
N,r 
N,r 
N,r 
N,r 

N,r N,r 
N.r 


N,r 

N,r 

N,r 


N,r r.w 
r r,w 
r W 

N,r 
N,r r 

r N 
F r N,r 

N,r 

r N 

N,r 
r r N,r 

r N 
N,r 

r N,r 

F 	 N,r 
N,r 
N,r 
N,r 

N,r 

r r r 
r ·r N,r 
F N,r 
F N,r 

N,r 

F 	 N,r 
F 	 N,r 

N,r 
r N,r 
r N,r 

r N.r 
r N,r 
F N,r 

N,r 
N,r 

N,r N,r 
N 

N,r 
N,F 

N,r 

F N,F 

N 
N,F N 

N,r 

• 


• 


• 




• lcon t ' d - l ) 

Est imat ed 
3 


No. ot 2 Gener a liz ed Hab t at Util i za t ion
l

Bi rds I nd i v idua ls A~ricul t ur al Prai rie We tland 

Baltimore o r i o l e p N,F 
Rose-breas t ed gros beak P l J, F / 

~ 

American. go l d f inc h p F F N 
Di ckcis sel p N, F 
Rufous- s ided towhee P N,F

' I' 

Grasshoppe r s parrow 135 N,F N,F 
Baird's sparrow P N,F N,F 
Lark bunting 1800 N, F N,P 
Vesper s parrow 215 N,F N,F 
Clay-eolored sparrow 275 N,P 

Song sparrow P F F N 
McCOwn's l ongs pu r P N, F 
Chestnut collare d l ongspur N,F N, F 

5

Malr.mals

Masked shrew 60 X X 

Thirteen-lined ground squirre l 950 X X 

~rthern pocke t gopher 6100 X X 

Wyoming pocket mouse 300 :< 

Deer mouse 15000 X X X 


Northern grasshopper mouse 800 X X 

Boreal red-ba cked VO le P X 

Prairie vo l e P X X 


House lIIOuse 250 X 

Meadow jUlllpi ng mous e p X 


• 
 Raccoon 23 X X X X 

Long-tailed weasel P X X X 

Mink P X 

Badger P X X 

Striped skunk 35 X X X X 


COyote 4 X X X X 

Red tox 12 X X X X 

Fox squ i r rel p X 

Po:-cupi ne P X 

Whi te- tailed jack rabbit 37 X X 


Eastern cottont a il p X 

Mule deer P X X 

White- t ailed deer 4 X X X 

Pronghorn 13 X X 


Am2hibians and R~etil es 

Blotched t i ger salamande r p X X X 

Great Plains toad P X X 

Northern leopard f rog P X 

Western painted tur tle P X 

Plains garter sna ke P X X X 


,Red-sided gar ter sna l:e P X X X 

Weste rn hogoose s nake P :< X 

Yellow-be l l ied r acer P X X 

SIIIooth green snake p X X 

Bull snake P X X 


Ipopulation leve ls of bird species pertain to the breeding sea son (spring) . 

2p Present in low unknown numbers.E 

3N • nes t ing , F z feeding, W Of wi n t ering. 

• 

+'Populatu,n lev e ls of mammal s pecies pertain t o fall. 


Source : Woodward·Envic» ", Inc, 1974. 
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ATTACHMENT AP-10 0- V 

DISPERSION ANALYSIS 
Page 38 S 

SUMMARY 

This report summarizes the dispersion analyses used to evaluate 

,ihe impact on the air quality resulting from the construction and operation 

of the proposed ANG Coal Gasification Plant and Basin Electric proposed 

coal fired electric generating stations. The dispersion modeling was based 

upon techniques and methods developed by the Environmental Protection 

Agency as published in the Workboo k of Atmospheric Dispers ion Es ti mates and 

Guide lines for Air Quality Maintenance Pl anning and Analysi s, Vo l ume 10 

Reviewing New Sta tionary Sources. Whenever possib le the programs ava ilable 

in EPA ls UNAMAP model were utilized. An add itional subro~tine wa s added t o 

the PT DIS, PTMAX and PTMPT programs i n order t o allow for the eval uat ion of 

emis sions from sources with jet (non- bouyant) plumes. The program modifi ca 

• t ion is described in the Appendix. Existing power plants and those pro

posed power plant s which have been granted a water permit prior to the pre

parat ion of this report were also considered. 

Based upon the estimated concentrations obtained throug h dis persion 

modeling and using preliminary engineering information the proposed joint 

projects will meet all applicable North Dakota and Federal ambient air stand

ards , including the significant deterioration Class II standards for sulfur 

dioxides and Class II for total suspended particulates. 

A. Description of Air Emissions Resulting From t he Proposed Project 

• 

The following report anal yzes the air emissions generated during 

construction and operation of the proposed ANG Coal Gasification Plant and 

Basin Electric proposed electric generating facility . The impact on the ai r 

quality resulting from the growth associated with the project is also dis

cussed. 

I-I 




ATTACHMENT AP-1 00-V 

Page 39 S 

Fugi t i ve dust emissions created during plant construction and 

~mi r sions " generated from the construction equipment are evaluated in Section • 
C. -These emi ssi ons are summarized in Table I. 

J~ Section D the air emissions resulting from the operation of 

~ Ie proposed project are.analyzed. These emissions include: those emissions 

generated by the combustion of coal fines in the Basin's steam generators 

and by the combustion of tar by-products "in the superheaters (sulfu-r dioxide, 

nitrogen dioxide, hydrocarbons,' carbon monoxide, and particulates); the 

p- rt iculate emissions from the coal handling operations, and the fugitive dust 

emissions created by the mining operations. Intermittent emissions from ANG's 

start-up incinerator, refuse incinerator and flares are alsti considered. The 

emission rates, stack design data and the location of each of the above 

sources, are summarized in Table II. 

The majority of the hydrocarbon emissions from the gas ification 

plant are controlled either by inci neration in t he superheat ers or by flaring • 
(Ta ble II). However , small intermittent quantities of hydrocarbons will also 

be released from the by-product storage area. The hydrocarbon emi ss ions from 

the storage area are given in Page 162 of the application. The dis

pers ion of the emiss ions from t he storage area will be very locali zed, and 

therefore, the effects of t hese hydrocarbon emissions we re not evaluated. 

Although it is frequently cited that the operation of a coal gasifi 

cati on plant wil'l increase the fo rmation of photochemical oxidants in a region 

(Northern Great Pla ins Resource Program (NGPRP), and Nordesick, et.al) an 

increase i n t he oxi dant level due to the operation ofANG's plant is not 

anticipa t ed . The formati on of photochemical oxidants is dependent not only 

on the ambient NOx concentration but also the ambient hydrocarbon concentra

tion. As previously cited , t he hydrocarbon emis sions are wel l cont roll ed . 

Furthermore, as stated in ANG's Envi ronmental Impact Report {E IR} , the back •
ground hydrocarbon concentration in the area is well below state and federal 
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ATTACHMENT AP-100-V 

Page 40S 

TABLE 	 I 

ON-SITE AIR EMISSIONS DURING CONSTRUCTION 
PHASE USED FOR DISPERSION MODELING 

/ 

'MAXIMUM EMISSION RATE 
VEHICLE EMISSIONS (1): . (lb/hr) 

Total Suspended Particulates 	 3.43 

Sulfur Oxides 	 6.83 

Carbon Monoxide 	 57.25 

Hydrocarbon 	 9.38 

Nitrogen Dioxide 	 92.68 

• FUGITIVE DUST EMISSIONS (2): 	 1025.80 

From The Total Construction Site 

(1) . 	 Emissions are based on the data presented in Table 3.1.41 of ANG's 
EIR, assuming the simultaneous operation of 20 heavy duty diesel 
engines and 20 light duty gasoline engines for a 16-hour work day. 

• 
(2) Emissions are based on a particulate emission factor of 1.2 ton/acre

month of heavy construction. A 50% reduction for watering was also 
assumed.636 acres will be under construction during site prepara
tion which will begin in March, 1976. The heavy construction will 
last approximately four months. Due to wind erosion, it was assumed 
that fugitive dust would be generated 24 hours per day. 
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ambient air standards. •Emissions from other sources listed in attachment AP-100~I are 

eith;Y negligible or the ambient air quality standards listed in R 23-25-02 

are not applicable. 

To predict compliance with State and Federal sulfur dioxide (S02)' 

nitrogen dioxide (NOx), total suspended particulates (TSP), carbon mono

xide (CO), and hydrocarbons (HC), ambient air standards the cumu1ativeimpact of 

the joint v~ntureand the existing and proposed sources in the area were 

examined. The nearest existing power plant to the proposed plant site is 

MDU's small 14.0 megawatt power plant in Beulah. It is located approxi

mately 7.5 miles south by southwest of ANG's proposed plant site. Because 

of the close proximity of MDU's Beulah Station and the proposed plant site, 

the combined emissions from these facilities may affect the short-term" 

(e.g., one-hour, three-hour, etc.) air quality. The long-term impact (annual 

average) on the air quality of the region may be affected not only by MDU's 

Beulah station but also by other existing and proposed power plants within 

a 35-mi1e radius of the proposed ANG and Basin plant sites. A listing of the 

major sources and the other pertinent emission and engineering data was ob

tained from the North Dakota State Health Department and is summarized in 

Tabl e III. 

The impact of the air emissions resulting from growth associated 

with the project's development and operation is discussed in Section E. 

B. Meteoro1og.i ca1 Data 

As di scussed in Section 2 of the EIR, ANG has maintained a meteoro

log ical tower in the vicinity of the proposed plant site since February, 1974. 

"The vertical t emperature gradient recorded during the period from February 

t hrough December, 1974 has been categorized according to the associ ated •
stability cl ass. The frequency of occurrence of the three main stabil i ty 

classes are summa rized below: 

1-6 
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Vertical Temperature 
Gradient Stability Pasqui l l Stability % Frequencye· °CL100m Categor~ Class of Occurrence * 

-1.9 to -1. 5 Unstable A, B, C 24.5 

.. 1.5 to 0.5 Neutral D 28.5
/ 

0.5 to 4.0 Stable E, F, G 47.0 

Based on 7477 hours of observations from February through December, 1974.* 

Under stable conditions, wh ich at the plant site occured most 

frequen tly during the nightti me , la te evening and early morning hours , the 

buoyancy of a plume decays as it rises. A hot plume emitted from t all 

stacks will rise until it reaches a layer where the density of the air 

diluted plume is the same as the density of the surrounding air. As the 

equil ibrium is achieved the plume will retain its effective height for many 

miles si nce the air below the plume is cooler and the air above the plume is 

• warmer. Under stable conditions there is very limited veritical mixing of 

the plume. However, there is gradual horizontal spreadi ng. The ground-l evel 

concentration below such plumes are negligible. Wind speeds from 2-5 m/ sec 

were used for the dispersion analyses for stable conditions. 

Neutral atmospheric stability conditions are usually brought about 

by vigorous atmospheric mixing. The atmospheric turbulence increases the 

rate of plume dilution. For this region of North Dakota over 75% of the wind 

speeds associated with this stability class were over 12 mph Under these 

conditions the plume disperses rapidly and generally fits a coning model. 

The ground-level concentrations under neutral conditions were predicted for 

wind speeds varying from 0.5 to 20.0 m/sec. 

• 
Under unstable conditions the buoyancy of a plume increases as it 

rises. On warm afternoons, with light winds, hot plumes may rise several 

thousand feet. On very unstable days large vertical velocity fluctuations 

may develop due to strong convection eddies created by the warming of air 

masses near the earth's surface. This large-scale vertical mixing causes the 

1-7 




ATTACHMENT AP-100-V 
Page 45 S 

plume 	 t o loop. High transitory maximum ground-level pollutant concentra •
tions relatively near the source will occur under these conditions. In this 


region of the 'State, the unstable conditions are mostly concentrated . during 


late morning and afternoon hours. Wind velocities associated with these 


stability conditions were generally (approximately 88% of the time) under 


12 mph (1 ) . 


High transitory ground-level pollutant concentrations may also be 


experienced during early morning inversion breakup and other transit periods 


when the temperature inversion breakup occurs. Due to relatively cloud-free 


skies and low humidities of this region, nocturnal radiative heat losses may 


be quite large. Large nocturnal heat losses from the ground result in the 


air next to the ground being cooled more rapidly than the'air aloft, and an 


inversion is formed. In this stable layer which may be several thousand feet 


high; hot plumes emitted from tall stacks will rise until they reach a level 


where the density of the air-diluted plumes is the same as the surrounding air. 
 • 
As t he plumes lose their buoyancy, they become trapped in a narrow vertical 

band aloft since the air below the plume is cooler and the air above the pl ume 


is warmer. Such trapped plumes may then drift with the winds at this l evel for 


20 or more miles. Because of this inverted temperature profi le, ground-level 


pollutant concentrations below such plumes will be negligible. 


As the sun rises, the incomi ng solar radiation heats the ground sur


face and thermal eddies develop. If the incoming solar radiation is 


sufficiently strong, the thermal eddies will spread from the ground upward to 


the level where the pollutant-bearing plume has been trapped aloft, they 


rapidly mix with the plume pulling it towards the ground. The inversion aloft 


(1.) 	 Based on analyses of ten year meteorological data tapes for Bismarck, 
Minot, Williston and Dickinson, North Dakota obtained from the 
Nat ional Climatological Center. • 

1-8 
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prevents upward dispersion. This "inversion breakup" or fumigation is short- . 

lived but can result in high ground level concentrations for short periods 

6f time. 
/ 

Early morning fumigation may last from several minutes to 30 minutes 


depending upon the meteorological conditions. On the average, in this region, 


it lasts only 15 minutes (Packnett, 1973). The highest ground level concentra

tions will result from very stable air and light winds. Stability class F 


and 1.0 m/sec wind speed were selected as representative. Pollutant concentra

tion calculations, however, must be made for fumigating conditions for comparison 


with short term (one hour) State ambient air standards. The, stability category 


following inversion break-up might be either neutral or unstable. For the 


purposes of these calculations, stability class C wi th 2.0 m/sec wind speeds 


• were chosen as representative. The maxi mum concentration also will occur when 


the base of the inversion is as low as possible, but high enough to trap all of 


the plumes from all the sources. Various inversion heights were examined to 


determine which heights meet this criterion. 


On some occasions (i.e., heavy cloud covering) the incoming solar radi

ation is not strong enough to produce surface heating which will compl etely 


destroy the nighttime surface inversion. This condition may also occur when 


incoming solar radiation is reflected from snow covered ground. When t his 


occurs the inversion will be eliminated to some level aloft, resulting in 


slightly unstable or neutral conditions at the lower levels, and invers ion layer 


aloft. If the inversion layer is high enough so that the hot pl umes cannot 


penetrate through the layer, the plume may become "t rapped" below the inversion 


layer. Since the dispersion of the plume is limited high maximum ground-level 


• 
 concentrations may be experienced under these conditions . 


1-.9 



ATTACHMENT AP-100-V 
Page 47 S 

C. Estimate of Ambient Air Quality Deterioration DU lring' Plant Construction • 
/ To determine compliance with Federal and State ambient air standards 

the ma.x~mum 'ground level concentration resulting from the construction 

activities was estimated l using the procedures to evaluate ar~a sources which 

are described by Turner (1969). Using Turner's procedures the fugitive dust 

emissions and the vehicle emissions were combined, and these areawide emissions 

were treated as a point source having an initial horizontal standard deviation 

( oyo). Using oyo, the virtual distance (Xy) was found and the appropriate 

values of the horizontal standard deviation (0 y) were determined, for various 

downwind distances. 

In 	 performing these ca l,culations it was assumed that: 


the peak construction activity will occur during site 


preparation and that all 636 acres will be under 


construction during this period. 


the plant site (area emission grid) is approximately 
 • 
1 mi le square. 


the emissions in TabJe I are continuous and uniformly 


distributed over the emission grid. 


all sources within the grid are ground-level sources 


(effective stack height = 0) 


fugitive dust emissions created by the construction 


activity which are greater than 100 ~m in diameter 


will quickly settle out (Hazen and Wooduff, 1973). 


60% of the fugitive dust emissions listed in 


Table I are within the suspended particulate size 


range (EPA, 1974), and that only 40% of particles 


within this range will be carried in suspe~sion. 


(Chepil ,1945, estimated that 3 to 40 percent of 


the dust particu l ates smal l er than 100 ~m could be 
 • 
1-10 
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carried in suspension) . 

Based on these as sumpti ons, the Pasquill-Tu rner diff usion 

) equation ca n be simplified : 
I 

x = Q 
1Tay a ~ u 

and the ini t i al value was approximat ed by a y o = s/4.3 whe re S i s equal to 

the l ength of the emi ssion grid. Usi ng the calcu lated val ue of ay o t he 

virtua l di stance - Xy was determined us ing Fi gure 3.2 of Turner ' s Wo rkbook 

. of At~os phere Dispers ion. 

• 

Since the vertical and hori zontal dispersion coeff i ci ents pre

sented in Figure 3.2 and Figure 3.3 (Turner, 1969) are generally representa 

t i ve of 10-minute averaging times the predicted ground-level concen t rat i o~ 

are also representative of 10-minute averages. The North Dakota State He'alth 

Department, Division of Environmental Engineering suggests that for th is 

particular region the predicted concentration for Stability Class A and B be 

considered to be representative of 10-minute averaging times, Stability Class 

C - one hour, Stability Class D - 3 hours and Stability Classes E and F - 10 

min utes to one hour. To convert the model predicted concentration to concen

trations with time intervals equal to State and Federal standards, the North 

Dakota State Health Department also suggested t~at the following equation be 

used: 

X2 = Xl 
-B

[:~] 

• 

where Xl concentration predicted by the UNAMAP model 

X2 = adjusted concentration 

tl = time interval predicted by model 

t2 = adjusted time interval 

B = 0.44 

1-11 
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To determi ne compliance to the State's one-hour ambient air standards •
for S02' NOx and C~the relative ground level concentration under worst case 

condi t; ns (Stabi li ty Class F with low wind speeds) was es t imated . Meteorologi

cal reco rds ga t hered at the pl ant si te i ndi cated t ha t dur i ng the daytime ho urs 

neut ral stabili ty conditions are most prevalent. Therefore, si nce mos t of the 

construc t ion activity will occur during daytime hours, the rel ative ground 

level concentrations representative of longer averaging times were calcul ated 

for neutral stability conditions (Stability D) with moderate winds (7 m/sec) . 

The results of these computations are summarized in Table IV. As 

indicated in the Table, all applicable North Dakota and Federal ambient air 

standards including significant deterioration Class II standards will be 

maintained during the plant construction phase. 

Fugitive dust emissions will be localized and largely intermittent. 

Ambient dust levels should not be significantly greater than current levels •
that might occur during periods of heavy agricultural activity. 

• 
1-12 



• 
• 

Ie
 

TA
BL

E 
IV

 
ES

TI
M

AT
ED

 G
RO

UN
D 

LE
VE

L 
PO

LL
UT

AN
T 

CO
NC

EN
TR

AT
IO

N 
~"
-

DU
RI

NG
 T

HE
 

CO
NS

TR
UC

TI
ON

 
PH

AS
E 

PO
LL

U
TA

NT
 

AV
ER

AG
IN

G 
PE

RI
OD

 
MA

XI
MU

M 
ES

TI
M

AT
yD

CO
NC

EN
TR

AT
IO

N 
NO

RT
H 

DA
KO

TA
 

AM
BI

EN
T 

AI
R 

ST
AN

DA
RD

S 
NA

TI
ON

AL
 

ST
AN

DA
RD

S 
AM

BI
EN

T 
AI

R 
FE

DE
RA

L 
AN

D 
ST

AT
E 

SI
G

N
IF

IC
A

N
T 

DE
TE

RI
OR

AT
IO

N 
12

 
II

2 
PR

IM
AR

Y 
SE

CO
ND

AR
Y 

CL
AS

S 
II

 

S0
2 

(u
g/

m
3 )

 
l-

ho
ur

 
18

.2
 

12
.0

 
71

5 
3 

No
 c

l
a
~
s
i
f
i
c
a
t
;
o
n
 

3-
ho

ur
 

2.
0 

1.
1 

13
00

 
4 

70
0 

24
-h

ou
r 

0.
8 

.4
 

26
0 

3 
36

5 
4 

10
0 

5 

NO
x 

(u
g/

m
3 )

 	
l-

ho
ur

 
10

0.
2 

65
.8

 
20

0 
6 

No
 

cl
as

si
fi

ca
ti

o
n

 

CO
 

(m
g/

m
3 )

 	
l-

ho
ur

 
0.

3 
0.

2 
40

 4
 

40
 

4 
40

 
4 

No
 c

la
ss

if
ic

at
io

n
 

8-
ho

ur
 

0.
16

 
0.

09
 

10
 4

 
10

 4
 

10
 

4 
No

 c
la

ss
if

ic
at

io
n

 

HC
 

(u
g/

m
3 )

 	
3-

ho
ur

 
2.

7 
1.

5 
16

0 
4 

16
0 

4 
16

0 
4 

No
 

cl
as

si
fi

ca
ti

o
n

 
(6

 
to

 9
 a

.m
.)

 

TS
P 

(u
g/

m
3 )

 
24

-h
ou

r 
4 

27
.8

 
15

.6
 

15
0 

4 
26

0 
15

0 
	

30
.0

 

1.
 

O
ne

 
ho

ur
 e

st
im

at
es

 a
re

 b
as

ed
 o

n:
 

S
ta

b
il

it
y

 C
la

ss
 

F;
 

2.
0 

m
/s

ec
 w

in
d 

sp
ee

d.
 

oy
o 

37
4;

 X
y 

=
 
14

.0
 K

m 
[F

ig
ur

e 
3.

2 
(T

ur
ne

r)
] 

H
 I 

th
er

ef
or

e:
 

~
 

I 
I I

 
W

 
x 

(K
m

) 
1.

 61
 

3.
22

 
x 

+
 X

y 
(K

m
) 

15
.6

 
17

.2
2 

o 
i 

(m
) 	

19
 

27
 

o 
y 

(m
) 

41
0 

44
0 



x/

Q
 

( 
se

c 
2.

04
 x

 1
0-

5 
1.

 3
4 

x 
10

-5
 


m
3

) 



al
l 

ot
he

r 
es

ti
m

at
es

 a
re

 b
as

ed
 o

n:
 

S
ta

b
il

it
y

 C
la

ss
 

D;
 

7.
0 

m
/s

ec
 w

in
d 

sp
ee

d.
 a

yo
 

37
4;

 
X

y 
-

6.
4 

[F
ig

ur
e 

3.
2 

(T
ur

ne
r)

] 



th
er

ef
or

e:
 


I 
I I

 

x 

(K
m

) 
1.

 6
1 

3.
22

 

x 

+
 

xy
 

(K
m

) 
8.

01
 

9.
62

 

o 

i 
(m

) 
44

 
67

 	
'"d

>
• 

Pl
 

c+
 

cry
 

(m
) 

46
0 

54
0 

CJ
tl 

c+
 

ro 
Pl

x/
Q

 
(
~
 

2.
25

 x
 1

0-
6 

1.
26

 x
 1

0-
6 

	
(
)

m
 )

 
'(g

§ ro 
r
n
~

2.
 	

1.
 

Ma
xi

 m
um

 g
ro

un
d 

le
ve

l 
co

nc
en

tr
at

io
n 

1/
2 

m
ile

 d
ow

nw
in

d 
of

 t
he

 p
la

nt
 s

it
e
 b

ou
nd

ar
y.

 
c+

 
(1

.6
1 

	 K
m 

fro
m

 
th

e 
ce

nt
er

 o
f 

th
e 

em
is

si
on

 g
ri

d
.)

 
> '"U

 
II

. 
M

ax
im

um
 g

ro
un

d 
le

ve
l 

co
nc

en
tr

at
io

n 
1-

1/
2 

m
ile

 d
ow

nw
in

d 
of

 t
he

 p
la

nt
 s

it
e
 b

ou
nd

ar
y.

 	
I 

(3
.2

2 
	K

m 
fro

m
 

th
e 

ce
nt

er
 o

f 
th

e 
em

is
si

on
 g

ri
d

.)
 

o ~
 

o 
3.

 	
M

ax
im

um
 c

on
ce

n
tr

at
io

n
. 

<:
 

I 

4.
 	

M
ax

im
um

 c
on

ce
nt

ra
ti

on
 n

ot
 t

o 
be

 e
xc

ee
de

d 
m

or
e 

th
an

 o
ne

 
pe

r 
ye

ar
. 

5.
 

Ma
x 

im
um

 
al

lo
w

ab
le

 
in

cr
em

en
ta

l 
in

cr
ea

se
. 

6.
 	

M
ax

im
um

 c
on

ce
n

tr
at

io
n 

no
t 

to
 b

e 
ex

ce
ed

ed
 o

ve
r 

1%
 o

f 
th

e 
ti

me
 

in
 

an
y 

th
re

e 



m
on

th
 

pe
ri

od
. 




AllALHMtN I Hr-IUU-V 
Page 51 S 

D. Estimates of Ambient Air Quality Deteriorati on During Plant Operation 

To determine compliance with Federal and State ambient air quality standards, • 
bOth the short-term and 10n,g-term poll utant concentrati ons were predi cted. 

One ~our Standards 

The State of North Dakota ambient air standard for sulfur dioxide 

(S02) and carbon monoxide (CO) are expressed in terms of maximum one-hour con

centration. The State's one-hour standard for nitrogen dioxide is not to be 

exceeded over 1% of the time in any three month period. Therefore, to determine 

compliance to State standards, pollutant concentrations occurring not only during 

non-inversion cases, but also those concentrations resulting from inversion 

break-up and plume trapping must be examined. 

Non-Inversion Cases 

Under non-inversion conditions the short term maximum ground-level concentrations 

fo r each individual source were estimated using the PTMAX program of the EPA UNAr.1AP 

model. The PTMAX program utilizes the Briggs plume rise equations and assumes a • 
steady state Gaussian plume model. For non-buoyant plumes, jet plume rise equation 

was utilized (See Appendix). The input data used for the program is summarized 

in Table II. The stack heights were corrected to reflect the difference in 

elevation of the plant site and the nearby surrounding terrain. Since the programs 

in the UNAMAP package use the vertical and horizontal dispersion coefficients 

presented in Figure 3.2 and 3.3 of Turner's Workbook of Atmospheric Dispersion 

Estimates, the predicted concentrations are generally representative of 10-minute 

averaging times. To convert the model predicted concentrati on to concentrations with 

time inte rvals equal to State and Federal standards, the procedure recommended by 

th No rth Dakota State Health Department was used. 

The results of PTMAX programs for S02' CO, and N02 emission, adjusted to 

reflect one-hour avera9ing time, are sunma rized in Table V, VI, and VII, respectively . • 
1-).4 
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To eval uate the short term cumulati ve impact of all the sources the PTOIS 


a d PTMPT programs were us ed. The PTDIS program was used to evaluate the ground 


l evel pollutant concent ration as a function of downwind distance from t he source . 


Based on the output of the PTDIS prog rams , the locations of various receptors 

were chosen for us age in PTMPT programs . The short-term cumula ti ve impact from 

the vari ous sources are gi ven i n Table VIII. 

• 

• 1-15 
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ESTIMATED MAXIMUM 	 ONE-HOUR GROUND LEVEL S02 CONCENTRATION 
FOR NON-INVERSION CASES • 

STABILITY CONDITIONS 

SOURCE 	 VARIABLES A B C D E F 

E010 	 u (m/ sec) 3.0 5.0 lS.0 20.0 2.0 (2) 

d (Km) 1. 2 . 3.2 3. 1 9.6 Sl . 1 

x (~g/m3 ) 88.9 43.5 108.4 73.7 24.4 


E020 u (m/sec) (2) S.O 15.0 20. 0 5.0 (2) 

(A or B) d (Km) 9.7 8.6 8. 6 97.7 


x (P9/m3 ) 8.2 28.6 14. 7 7.9 


E201 	 u (m/sec) 3. 0 5.0 1S. 0 20 .0 2.0 2.0 

d (Km) 1.2 2.8 2. 1 4. 7 27.0 79 .0 

x (f.J g/m3) 22. 1 12. 4 48.2 7.8 14. 0 5.8 


E207 	 u (m/sec) 3.0 5.0 15 . 0 20.0 2.0 2.0 

d (Km) 0. 6 0.8 0.5 0. 8 6.3 11 . 9 

x (lJg/ m3) 88 . 6 76. 6 299.4 426 .0 72 .7. 63.1 


Bas in (3) u (m/ sec) 3.0 5.0 10.0 15. 0 2.0 (2) 

(Both d ( Km) 1.1 2.8 4. 1 14.2 67.0 
 •
Uni t s ) 	 x (pg/m3) 250.8 116.8 209.0 114. 4 37. 6 

(1.) 	 The concentrations derived from the PTMAX program were adj usted to 
ref l ect one hour averaging times. The formulas supplied by the Nor t h 
Dakota State Health Department were used to derive t he ti me correction 
factors. 

(2.) 	 No concentration estimates were attempt ed since the di stance to the point 
of maximum concentration is so great t ha t the same stability i s not l ikely 
to persist long enoug h for the pl ume to travel t his fa r. 

(3.) 	 Due to close proximity of unit 1 and unit 2 t he emis si ons are treat ed 
as being generated from one unit. 

(4) 	 Based on max imum emissions during ups et cond i tions. 

• 
1-16 
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Page 57 SInversion Breakup: 

The maximum ground-level concentration dur ing invers ion breakup

(fumigation) was approximated using the following equation (Turner, 

1970) : 


(i) XF = __Q~_______ 

o .5/ (2 7T) 
o yF hi u 

where 


= estimated maximum fumigation concentration (g/m3)'
XF 


Q = pollutant emission rate (g/sec.) 


= 0y + _H_(m)°yF 
8 

0y = horizontal dispersion standard deviation (m) 

H = h + ~h = effective stack height (m) 

h = physical stack height (m) 

M1 = plume rise (m) 

hi = H + 2 0z (m) = height of the base of the inversi on 


Oz = vertical dis pers ion standard devi ation (m ) 


U = mean wind speed in the stable layer (m/sec.) 
 • 
Equation (i) however, cannot be used near the stack . The nearest downwind 
di stance whi ch can be cons i dered for an estima te of the max imum fum igation 
concentra tion must be great enough, based on the t ime required, t o eliminate 
t he invers ion . Hewson (1945) suggested that the t i me requi red t o el imi nate 
t he inversion be estimated by the followi ng equation: 

2 2
( i i) t = hi - h

4K 

where 

K = eddy di ffu si vity for heat = 3 m2/ sec4 

hi = height of base of t he invers ion (m) 

h = physi cal stack hei gh t (m ) 

Therefore , the neares t distance at which equa t ion ( i) should be appli ed is: 

(h. 2 _ h2)
(iii) X = Ut = U 1 

4K • 
1-20 
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• 
where x = distance to fumigation (m) Page 57A 

u = mean wind speed through the stable layer 

The plume rise ( ~ h ) for a bouyant plume in calm winds into stable air 
was approximated using the formula derived by Briggs. 

/ r ~ -0.375
5(iv) = 5 F O. 2 ~~tf- (~ 

where 
F = 2.45 Vs d2 (Ts T) buoyancy flux 

(m4/sec3) 
TS 

Vs = stack exit velocity (m/sec) 

d = stack exit diameter (m) 

Ts = stack exit temperature (KO) 

T = ambient air temperature (KO) 

g = 9.8 gravitional acceleration (m/sec2) 

• 
 de = 0.035 = vertical potential temperature gradient (OK/m) 

ar 

-- ------- - . . 

Using the preliminary engineering design data given in Table II, the plume 
rise from the main stack was calculated for 1 m/sec wind speed and 650F 
ambient air temperature (Table IX). Due to their high heat capacities 
it was assumed that the plumes from the fla res and the start-up incinerator 
could penetrate the strongest inversions, and that special case of in
version breakup was not applicable to these sources. 

Equation (i) approximates the maximum fumigation concentration assuming that 
the inversion has been eliminated up to the height approximated by the de
finition of hi. Various values of the vertical dispersion coefficient (oz) 
were then reexamined (Figure 3-3, Wotkbook of Atmospheric Dispersion 
Estimates) to determine the acceptability of the first approximation. Calcu
lations revealed that the minimum height of the inversion base, which was 
high enough to entrap the plumes from all the stacks was 60Om. Using 
equation (ii),the nearest downwind distance which could be considered was 
determined. From Figure 3-2 from Workbook of Atmospheric Dispersion Estimates, 
the horizontal dispersion coefficients for the given distances were found 
(Table VIII). The relative lO-minute average ground level concentration 
(X/Q) was calculated using equation (i). 

• 
As previously stated, fumigation lasts for brief periods,15-minutes on the 
average (Packnett, 1973). It is generally followed by neutral (Stability 
Class D) or slightly unstable (Stability Class C) conditions. Therefore, 
the pollutant concentration for the remaining 45 minutes was assumed to 
,occur for Stability Class C, with 2 m/sec wind speeds. 

1-21 




To calculate the maximum ground-level concentration (Z=O, ~=O) the dif
fusion equation according to Turner (1970) was used. 

(v) X = Q 	 r-o. 5(crH·Z)' 2J 
ncr y cr Zu e L 

The Plume~ise for a buoyant plume under unstable conditions was approxi
mated using the formula derived by Briggs. 

(vi .a) 	 l!. h = 42A 0.75 if A ~ 24 m3/sec 
u 

or 

(vi .b) fl h = 66.4A 0.60 if A > 24 m3/sec 
u 

where 

A = vsd2 (Ts-T) = bouyancy parameter m3/sec 
T5 

The 	 remaining terms are as previously defined. 

For the conditions discussed above, the relative 10 minute average con
contration (X/Q) for each source was calculated (TableIX). Adjusting the 
results to reflect the proper time intervals and using time-weighted 
averages the maxi mum one-hour concentration for each source was calculated 
using the following equation. 

where 

= one-hour maximum pollutant concentration (g/m3)
I 

= 	 pollutant emission rate (g/sec) 

= 	 time correction factor for converting lO-minUte 
average concentrati on t o 15-minute average 
concentration 

= 	 time correction factor for converting one-hour 
average concentration to 45-minute average 
concentration 

= relative lO-minute average ground-level pollutant 
concentration during fumigation 

= 	 relative lO-minute average ground-level pollutant 
concentration following fumigation 

Page 58 S 
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The contribution to the ground level concentra ti on at the receptor 

site from the existing power plant in Beulah was determined using similar 

~rocedures, and the engineering data presented in Table III. It was assumed 

. (although it is highly unlikely) that the wind di rection was such that the 

centerlines of the plu~es from all the sources the (proposed ANG stack, Basin 

Electric stacks and the five stack's at MDU's Beulah facility) ~/ere in line 

at the time fumigation occurred. The cumulative maximum estimated one-hour 

concentration for sulfur dioxide and nitrogen dioxide and the contribution 

from each source are summarized in Table IX. 

Plume Trapping 

• 
As previously mentioned, under certain meteorological conditions 

plume trapping may occur. In this particular region it is unlikely that 

limited mix i ng woul d occur du r ing extremely unstable conditions (Stability 

Cl ass A) since such conditions are generally associated with strong incoming 

solar radiation. 	 To insure that the plume would be trapped beneath the 

inversion "lid", the height of the "lid" wa s chosen to be Just above the 

effect ive st ack height. The maximum ground-level concentration resulting from 

plume trapping was approximated using diffusion equation according to 

Turner, 1970: 

(vi i i ) X = Q
(~2-=-I=""'I).-.o..-.-"'s.......o-y--,L-u-

where L = height of the bas e of the inversion 

The remaining terms are as previously defined. 

The maximum ground-level concentration occurs at twice t he distance 

• 
(2x) where the plume is assumed to have a Gaussian distribution which occurs 

when (J Z =0. 47L. It was assumed that the worse case would occurred for 

Stabili ty Class B under low wind speeds (l.Om/sec). Under these conditions 

the maxi mum effective stack height was 2425 meters. Tbe height of the stable 

layer was assumed 	 to be 2400 meters. The results are summarized in Table X. 

1-23 
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TAB LE IX: PARAMETERS FOR DETE RMI NING MAXIMUM ONE-HOUR GROUND LEVEL 
CONC ENTRATION DURING AN INVERSION BREAKU P • 

1. Inversi~ Break-up: Stability Class F 
1.0 m/sec. windspeed 
650 F ambient temperature 


' #' 
hi = 600 meters 


Calculated Parameters ANG Basin 

Predicted Plume Rise (m) 333.8 288.2 

Adjusted Effective Stack Height (m)* 434.3 449.7 

Distance to nearest receptor (Km) 30.0 27.8 

oy (m) 730 680 
aYF (m) 784. 3 736.2 
X (sec/m3) x 10-6 x 10-6

0.848 0.903
Q 

II. Condi tion Immedi ately After Inversi on Break-up : Stabili ty Cl as s C 
2.0 m/sec windspeed 
650 F ambient tempe rature 

Calculated Parameters AN G Basin -- . 

Pred icted Plume Rise (m) 1062. 4 747.0 

Adjusted Effective Stack Hei gh t (m )* 1163 .0 908. 6 
 •
Dis t ance t o t he receptor (Km) 30. 0 27. 8 

oy C (m) 2200 .0 2050.0 

o z C (m) 1350 .0 1300 .0 

x 10-6X (sec/m3) 0.037 0. 047
Q 

III. Esti mat ed Ma ximum One-Hour Ground-Level Concentrat i on 
Duri ng An Inversi on Break- up : 

MAXI MUM ESTIMATED CONCENTRATI ON 

POLLUTANT J,l9/m3 


ANG BASIN COMBINED 

S02 152 .8 328.5 481.3 

CO 10.9 10 .9 

NOx 32. 5 136.9 169.4 

* Adjusted to reflect t he difference in el evat ion be tween the 
surroundi ng t erra i n (2000 ft.) and t he plant site (1930 f t.).


. H = hp + 6 h - 70' (0 . 3048 f t. /m) 
 • 
1-24 
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TABLE X. PARAMETER FOR DETE RM INING MA X I MU~1 ONE -HOUR GROU ND 
LEVEL 	 CONCE NTRATION DURI NG PL UME TRAP PI NG 

. Plume Trappi ng 	 Stabi lity Class B 
1.0 m/sec windspeed 
650 F ambient temperature 
L = 2300 meters 

Ca lculated Parameters 	 ANG BASIN 

Adjusted Effecti ve Stack Height (m) l 2249.B 1655.7 
a Z (m) 10Bl.0 
x L (km)2 B.O 
2xL (km) 16.0 
a y (m) 2 lBOO.O 
X (sec/m3) 3 0.096xlO- 6 
Q 

Concentration Estimates 4 ANG BAS IN COMB INED 

• S02 (}Jg/m3) 29.6 62.6 92.2" 

NOx (Jlg/m3 ) 6.0 26. 1 32 . 1 

CO (JJg/m3) 0.7 0.7 

(1) 	 Adjusted to reflect the difference in elevation 
between the surrounding terrain and the plant s ite. 

(2) 	 Obtained from Figure 3-2 and 3-3, Turner's Workboo k. 

(3) 	 Applicable for both proposed sources. 

(4) 	 Adjusted to reflect-one hour averaging time. 

1-25 
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2. 	 Three- Hour St anda rds 

Federa l ambient air standards for sulfur dioxide and hydrocarbons • 
and the significant deter ioration regulations for sulfur dioxide are based on 


a three-~ur averagi ng period. Using the output from the PTMAX program, the 


, 	 highest one-hour concentrations were determined and the concentration adjusted 

to reflect the proper time interval. The time correction formula supplied 

by the North Dakota State Health Department was used. The maximum three-hour 

concentration for sulfur dioxide and hydrocarbons are summarized in Table XI 

and Table XII respectively. 

3. 	 24-Hour Standards 

There are both Federal and State 24-hour standards for sulfur dioxide 


and total suspended particulates . To compute maximum the 24-hour concentration, 


the maximum one hour concentration occurring during slightly unstable conditions 


(Stability Class C) was used. The PTMAX program was used to estimate the 


maximum ground-level concentration attributable to stationary sources. The 
 • 
estimated maximum 24-hour ground level S02 and TSP concentration resulting from 


these sources are summarized in Table XIII and Table XIV, respectively. The 


TSP attributed to the fugitive dust emissions from the mining operations were 


evaluated using the procedure to evaluate area sources as described in Section C. 


The results of these computations are summarized in Table XV. 


Annual Concentrations 


There are State and Federal annual ambient air standards for sulfur 


dioxide, nitrogen dioxide and total . suspended particulates. The annual estimates 


for the proposed sources were determined by multiplying the 24-hour concentra


tion by 10%*. The maximum annual concentration resulting from the cumulative 


effect of the existing and proposed sources listed in Table III were determined 


using EPA's COM program. The cumulative concentration from these sources at a 
 • 
* The maximum persistent annual wind direction is 10% (from Bismarck 

5-year averages). 
I -26 
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TABLE 	 XI II 

ESTI MATED MA XI MUM 24 - HOUR (1) 
S02 CONCENTRATION 

MA XIMUM DISTANCE TO THE 
SOURCE CONC ENTRATION POINT OF MA XI MUM 

(ug/m3) ( Km) 

E010 	 26.0 3. 1 

E201 	 11 .6 2. 1 

E207 (4 ) 	 21. 4 0.5 

Basin 	 (Both Units) (2) 50.2 4. 1 

Cumulative (3) 	 67.8 3.3 

• (1) The concentrations derived from the PTMAX program were adjusted 
to reflect 24-hour averaging time. The formulas supplied by the 
North Dakota State Health Department were used to derive the time 
correction factors. 

(2) 	 Due to the close proximity of unit 1 or unit 2 the emissions are 
created as being generated from on unit. 

(3) 	 The cumulative effects were evaluated only at receptor sites 
outside of the plant boundaries. The distance given is the 
distance from ANG's main stack. 

(4) 	 Based on normal operations. 

• 
1-29 



---

TABLE 	 XIV ATTACHMENT AP-100-V 
Page 66 S 

ESTI MATED MAXI MUM 24 - HOUR (1) TOTAL •
SUSPEN DED PARTICULATE CONC ENTRATI ON 

/ 
/ 

MAXIMUM DISTANCE TO THE POINT 
CONCENTRATION OF MA XIM UM 

SOURCE (pg/m3) (Km) 

E010 	 0.B2 3. 1 

ElOl (2) 15.4B 	 0.19 

El02 	 19.23 0.17 

El03 	 16.31 0.20 

E104 	 17.36 O. 17 

El05 	 B.06 0.19 

El06 	 6.25 O.lB 

El07 	 27.50 O. 19 

ElOB 	 19.22 0.17 • 
EllO 	 7.61 O.lB 

E600 	 7. 15 0.17 

Basin 	 (Both Units) 4.1B 4.1 

Cumulative (3) 23.60 	 3.3 

(1) 	 The concentration derived from the PTMAX program 
were adjusted to reflect 24-hour averaging times. 

(2) 	 Stack heights for sources ElOl-EllO were not 
adjusted to reflect the difference in the terrain 
since the distance to the point of maximum is 
still within the trench. 

(3) 	 The cumulative effects were evaluated only at 
receptor sites outsi de of the pl ant bounda ries. 
The di stance given is the distance f rom ANG' s 
main stack. 
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receptor s ite which coincided with the maximum estimated ground-level •concentration resulting from the proposed project was determined. The 

meteorolo ical i npu t was supplied from Day/Ni ght STAR prog ram and th e lO-year 

meteorological da t a tapes for Bi smarck, North Dakota, obtained from t he 

National Climatologica l. Center. The input data used in COM is summarized 

in Table XVI. The cumulati ve maximum annual sulfur dioxide, nitrogen dioxi de 

and total suspended particulates concentrations and the contribution from the 

existing sources and from each proposed source are summarized in Table XVI I. 

Summary of Results 

The maximum ground-level pollutant concentration esti~ates are 

summar i zed in Tab le XVII along with the applicable Federal 'and North Dakota 

ambient air standards. 

Based upon t he estimated concentrations obtained through dis pers i on 

modeling and us ing preli mi nary engineering information, it was determined t hat 

t he combined project will meet al l ap plicable North Dakota and Federal amt ien t • 
air standards fo r sulfur dioxide, nitrogen dioxide, hydrocarbon, carbon 

monoxide and to t al suspended particulates, i nc luding significant deteriorat i on 

Class II standards for sulfur dioxides and Class II for total suspended 

particulates . . 

• 
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TAB LE XVI. SUMMARIZATION OF THE INPUT DATA US ED IN CDM 

Met eorological Data 

/ 	 Average afternoon mixing height 1488 meters 
Nocturnal mi xing height 359 meter s 
Ambient air t emperature 5.67oC 
Decay Rate of S02 24 hours ( 1 ) 
Decay Ra te of N02 24 hours ( 1 ) 

Source Emission Data 

Da t a presen t ed in Tabl e II was us ed in the program, wi t h exception of 
st ack gas t emperature wh ich were converted to deg rees centig rade . 

To adequately cover t he area of concern, a 60 mi l e by 60 mile grid , 
with one mil e spacings wa s used. Since t he precise locat i ons of the ex i sting 
power plants were not avail ab le at t he t ime t he ca l cul at i ons were performed, 
the fol lowing gr i d locati ons were assumed: 

• 


• 


Pl ant 	Name 

Montana - Dakota 
Util i ti es , Beul ah , North Dakota 

Lel ands Olds Power Pl an t 
Stanton, North Da kota 

Mi lton R. Young Power Plant 
Cent er , North Dakota 

United Power Associ ation 
Stanton, Nort h Da kota 

Coal Creek Stati on 
Underwood, North Dakota 

ANG Coal Gasification 
Plant, Beulah (2) 

Gr i d Loca t ion 
X Y 

13.0 19. 7 

33.5 21.2 

38.2 49 . 0 

32.0 20.0 

43.5 27.0 

11 .0 24 .0 

(1) 	 The rates of decay for S02 and N02 are dependent upon met eorologi ca l 
factors such as temperature and relative humidity, and the presence 
of others gases in the atmosphere. Although the half life of SOZ 
and N02 is frequently referenced as 3 hours and 9 hours, res pectlvely, 
a 24-hour half live was chosen to simulate the "worse case" conditions. 

(2) 	 Emission data not considered in predicting cumulative impact in CDM 
programs . 
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(1) Source 	 Addendum B (AN R-Basin Joint Project) to the 
Environmental Impact Report North Dakota 
Gasification Proj ect for ANG Coal Gasi fi cat ion Company 
May, 1976, page B-20. 

(2 ) Emission rates are based on EPA Emis sion f actors (EPA, 1970 ) . It was 
assumed that the furnace f or the average res i dential home was 
110,000 BTU/hr., oil burni ng unit and the f urnace for mobile unit in t he 
construction camp were propane-fi red, 75,000 BTU./hr. units . 
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E. Estimates of Ambient Air Quality Deterioration Due to •Associated Growth 

The , ambient air quality deterioration resulting from the growth 

of t he ~idential communiti es associated with the construction and 

, operat ion of the proposed plant was estimated using the procedures , 

as described in Section C, to evaluate the i ~pact of air emis s ions from 

area 	 sources . 

For the purpose of these calculations it was assumed that the 


majority of emi ss ions resulting from the assoc i ated growth would come f rom 


new res identia l dwellings. The effect on the amb i ent air quality resulti ng 


from an increase in automobile traffic was assumed to be negligible, since 


t he work fo rce wil l reside in several surroundi ng commuh ities and traffi c to 


and from wo rk wi 11 not be high ly concentrated. 


The predicted i ncrease in the number of res ident i al dwell ings and 


their location duri ng peak plant emp loyment period is summa rized in 
 • 
Tabl e XVI I I. 


To eval uate the impact on th e ai r quali ty the foll ow ing ass umpt ions 


were made . 


1. ) 	 All new res idential dwell i ngs will be localized in 

one area of the community and each new residence 

(house) occupies a quarter ac re lot. The size of 

the area grid source were computed based on this 

assumption. 


2.) 	 The emissions li sted in Table XV III are continuous, and 
uniform over the grids and 

3.} 	 The effecti~e stack height for each dwell ing is 

20 feet. 


All estimat es of maximum ground-l evel concentrations were cal cu la t ed 

for neutral stability conditions (Stabil i ty Class D) with moderat e winds 

(7m/sec). The results of the computations are summarized in Table XIX. •As indi cated in the table the impact) whi ch is negl i gi b 1 e , will be very 

local i zed. 
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